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PROCEEDINGS
The object of this Association is the advancement of knowledge pertaining to the

scientific and economic location, construction, operation and maintenance

of railways. Its action is not binding upon its ^Members.

TUESDAY, MARCH 10, 1925

MORNING SESSION

The Twenty-Sixth Annual Convention of the American Railway

Engineering Association was called to order in the Florentine Room
of the Congress Hotel, Chicago, Illinois, by President G. J. Ray,

Chief Engineer, Delaware, Lackawanna & Western Railroad.

The President:—The meeting will please come to order.

The Twenty-Sixth Annual Convention of the American Railway

Engineering Association is now open for the transaction of business.

This meeting is also the annual session of the Construction and Main-

tenance Section and of the Electrical Section, Division IV—Engineer-

ing, American Railway Association, the meetings being concurrent.

The first order of business is the reading of the Minutes of the

last meeting. These Minutes have been published and furnished

to all concerned. If there are no objections, they will stand approved

without taking a vote.

The next order of business is the President's address.

ADDRESS OF PRESIDENT G. J. RAY
I think it is safe to say that the affairs of our Association have

moved along during the past year in the usual orderly manner, that

a reasonable amount of progress has been made and that we are

about to enter a new year in a healthy condition.

At this time I wish to thank the members of the Board, our able

Secretary and his staff, the Committees and all members of the Asso-

ciation for the assistance and faithful support given your President

during the past year.

MEMBERSHIP
From the Secretary's report you will note with satisfaction that

we have made a net gain of seventy-eight in our membership during

the past year. This net increase is very gratifying, especially since

we lost a total of eighty-five, during the same period, due to deaths,

resignations and those dropped from our rolls for various causes.

IS
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I call your attention to the fact that of the one hundred and
sixty-three new members for the year, seventeen are Railway Presi-

dents and ninety-four Assistant Engineers, Division Engineers and
Engineers Maintenance of Way. We appreciate the interest taken
in our Association by the Railway Executives, and you are to be

congratulated on the large increase in membership from the active

ranks of the railway construction and maintenance forces.

FINANCIAL

The past year has been a very satisfactory one from a financial

standpoint. As you will see from the reports of the Secretary and
Treasurer, the balance on hand at the end of 1924 was in excess of

$54,000.00.

It will be the duty of the Association to reach a definite decision

in the near future as to what use is to be made of these funds. The
Association might with advantage annually use the interest on these

funds to carry on research work. This question should be carefully

considered by your Board and a recommendation made to the

Association.

The past year has been a most interesting one in the transporta-

tion field. The great airship ZR-3 made a successful trip across the

Atlantic from Germany to Lakehurst, N. J. The Shenandoah suc-

cessfully cruised thousands of miles around the country and our Army
oflficers started and completed the first round the world flight by
aeroplane.

Not all of the interesting events for the year in the transportation

business were confined to air machines. While the total business

handled by the railroads in 1924 was not quite up to the preceding

peak year of 1923, the month of October, 1924, was the peak month
of all time. This vast tonnage was handled without any material

shortage of cars or power in any part of the country.

At the present time the railroads of the country are passing

through one of the most interesting stages of their existence. During

the past year we have seen some of the first moves towards con-

solidation under the Transportation Act of 1920. It may be asked:

yes, but what has the American Railway Engineering Association

to do with railroad consolidation? Not much, to be sure. Neverthe-

less, one of the important requirements of the law of 1920 is that the

roads must be economically maintained and operated. After the

financiers, the attorneys and the Interstate Commerce Commission
have gotten through with the various consolidation schemes, the new
freight rates set up and the public and stockholders have become
accustomed to the new order of things, our job will start.

As construction engineers and maintenance officials we will have

to help build up some of these new combinations to a point where
they are capable of handling the business and to maintain them in

an economical manner and safe condition. We will be called upon
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to adjust tlie usual construction and maintenance programs to fit the

new requirements and conditions. Some will be called upon to main-

tain on less money than has been available in the past, either because

of a diversion of traffic to, or to provide funds for, other parts of the

system. Others will be more fortunate and some, probably for the

first time, will find available enough money to handle maintenance

in an efficient manner.

Recently we have heard much about the application of the budget

system to railroads. As practical maintenance men it is our duty to

place before our Executives a practical and yet scientific analysis of

the requirements^of the roads with which we are connected. Unless

this is done, we may find ourselves in the embarrassing position of

being required to maintain the properties on an insufficient annual

budget or one changed from month to month, as may seem advisable

in order to regulate the expenditures to fit the short swings in the

traffic handled.

The Management, in determining the amounts which must be set

aside for maintenance, must necessarily depend to a great extent upon

the judgment and foresight of the Maintenance Engineer. The main-

tenance budget on any given railroad should be based on the require-

ments as made necessary because of traffic or operating conditions

over a period of years and not altered so as to fluctuate with the

short swings in traffic. It is a fact that the maintenance require-

ments fluctuate w-ith the traffic and during long periods when the

traffic falls off an appreciable amount, the maintenance forces may
be reduced, resulting in a material decrease in expenses without

permitting the property to depreciate. Such reductions should never

be made w-ithout the most careful consideration of all phases of the

problem. I contend that even though the wise statistician could

predict with reasonable certainty as to the amount of traffic to be

expected for a year in advance, it would be a very unwise policy to

regulate the maintenance of way requirements to fit the short fluctua-

tions of traffic.

In our Northern climates constructive maintenance of way work

must necessarily be confined to the seven months between the first

of April and the last of October. We have all known of properties

where the summer forces were not put on until the first of July.

That date represented the end of the fiscal year and every conceivable

effort was made to keep down expenses so as to make a good show-

ing for the year. For the remainder of the working season many
men were used, provided they could be secured, in order to go into

the winter in fairly good condition. It is not necessary for me to

tell you that the months of April, May and June are better months

in which to do maintenance work than the months of July and

August. More work is done by a given force of men during the cool

spring months than is accomplished by the same force during the

hot days of the summer.
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If during the course of five or ten years the business on a given

railroad will vi^arrant a certain expenditure on maintenance of way
and structures, this expenditure should be made constantly each and
every year. Unless this is done the road will not be efficiently main-

tained. We know full well that during the months when traffic is

the heaviest, assuming that the cost of labor and materials be con-

stant, the cost per unit of materials applied in maintaining the railroad

is much greater than during the months of light traffic. Therefore,

the Management that cuts down the maintenance of way expenses

at every indication of a falling off of business and again puts on the

forces when business picks up is working at a disadvantage and as

a result uneconomically maintains the property.

What I desire to do is to convey to you the idea that there

should be a reasonable maintenance standard for every individual

property. This standard should be based upon the general earning

capacity and also upon the kind and class of traffic handled. With
this standard correctly fixed, slight fluctuations in the business should

not materially alter the yearly program.

The points I have raised in discussing this subject are all so

well-known to those familiar with maintenance work that it seems
unnecessary to refer to them. At the same time we must keep these

matters constantly in mind and fight for what is right if we are

permitted to handle our maintenance work economically and effi-

ciently. As maintenance officials it is up to us to at all times present

the issue in the proper light, so that in the end the freight rates as

set up for any given district will be sufficient to insure a reasonable

return on the money invested and thus provide the necessary funds

to efficiently and properly maintain the railroads.

TRAIN CONTROL
During the past year we have also seen the trunk lines busily

engaged in the installation of various types of automatic train control

in order to comply with the recent orders issued by the Interstate

Commerce Commission.

Regardless of our position and whether or not we now are or

ever have been interested in signals, interlocking or train control

work, we cannot afford to disregard this all-important subject. Our
present practice with respect to much of our important construction

and maintenance work has been developed over long periods of time

and in order to be familiar with the early development periods we
have had to make a study of conditions as they were many years

ago. With the subject of train control, we have an opportunity to

grow up with the work and become familiar with every step in its

development. Do not make the mistake of going along with your
own work and disregard this important subject while the Signal

Engineers, the Electrical and Mechanical experts and the Operating

people are perfecting the various devices and installations.
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If you are a signal man you will certainly not only closely follow

every stage in the development of all of the various train control

devices that are worthy of consideration, but you will also lend your

best efforts to the satisfactory solution of this most important prob-

lem. All of the mechanical geniuses and automatic train control

inventors in the world cannot make a success of automatic train

control without the assistance and co-operation of the men who are

close to the construction, maintenance and operation of our roads.

We must not overlook the fact that our help is needed whether

or not we are signal men or whether our duties require us to consider

any phase of train control installation or maintenance. As a member
of the American Railway Engineering Association, it is your duty

to familiarize yourself with train control work and earnestly endeavor

to acquire a working knowledge of what is going on in this most

important field.

It is quite probable that none of us have any real doubt but that

sooner or later train control will be worked out in a reasonably satis-

factory manner. We have not been much surprised at the seeming

delay in the completion of the first installations of the various devices

now being installed. Those familiar with the extent of the problem

have all along known that the path of progress is strewn with many
difficulties and perplexing problems. They have plainly seen that

long and tedious experience with the expenditure of millions in money
and much hard work will be required to solve the problem. Only

those blinded by the screen of their own ingenuity, as inventors, or

irresponsible promoters with something to sell have failed to see

the proportions of this great problem.

I desire at this time to call your attention to the very valuable

report of the Signal Committee found in Bulletin 272. This Com-
mittee has put into concise shape for our use very valuable data on

the two subjects of automatic train control and signals for highway

crossing protection.

CO-OPERATION WITH THE SIGNAL SECTION OF THE
AMERICAN RAILWAY ASSOCIATION

Discussing this train control problem leads me to the subject of

closer co-operation between the American Railway Engineering Asso-

ciation and the Signal Section of the American Railway Association.

I personally think that we should have more signal men on many of

our committees and we should have more members who are not

signal men on Committee X. It is rather unfortunate that the first

day of the Signal Section meeting conflicts with the last day of our

meeting, for we need the signal men and we also believe that they

need us.

I assume that most young men who have taken up signal work

look forward to the day when they can step into advanced positions

in other branches of railroad work. Why should they always be

confined to signal work? If they expect to advance in their own
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and other departments, they must have a working knowledge of the

various branches of the service. To be valuable signal men it is

absolutely essential that they have sufficient knowledge of the engi-

neering, maintenance and operating problems to insure recommenda-
tions on their own part that will be in keeping with good railroad

practice.

In my opinion there is no better place to start the accumulation

of this knowledge than in the committee-work of our Association.

Our former President, Mr. Safiford, called this to your attention in his

1921 address, when he stated that "My opinion is that members should

desire to obtain a varied committee service and occasionally shift

from committee to committee to broaden their experience and to

prevent autocracy in committee policy. A varied committee service

is a splendid opportunity for the young man to grow in his profession

beyond the confines or limited activities of his own particular branch

of the service."

Further, with respect to the signal men. I call your attention to

the fact that it is generally the duty of the Signal Engineer to con-

vince the Engineering and Operating officials that this or that im-

provement, type of signal, automatic crossing protection or inter-

locking plant, should be used. In other words, he must sell his

goods to the Management and convince his superior officer that he

knows what he is talking about and has studied every phase of the

problem. He cannot expect to be successful unless he familiarizes

himself with other branches of the service than his own particular

line. I believe that the signal men who are members of our Asso-

ciation will agree that it is their duty to convince all of the younger

men of the Signal Section that they should also become members
of the American Railway Engineering Association and take an active

part in the affairs of this Association.

I also desire to take this opportunity to suggest to the members
of this Association that you will find it well worth your while to

stay over until Friday and attend the meeting of the Signal Section

on that day.

HIGHWAY GRADE CROSSINGS

Some weeks ago I was surprised and disgusted on reading a

press statement purporting to be an interview with the President of

one of the Motor Car Companies in which the gentleman in question

suggested that "If the railways would devote a fraction of the money
to the improvement of their own methods of operation and especially

to grade separation that they now spend in retaining lawyers and in

court costs to contest damage suits, to repair and replace equipment
destroyed in collisions, they would accomplish something beneficial

to humanity and of permanent value to themselves." He further

stated that "Sooner or later aroused public indignation will force

the separation of all grades either by depressing" the railroads or

elevating them." The Railway Age commented upon this gentle-
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man's statement in a very effective way in an editorial on February

7th. His statements were so absurd that it should not be necessary

to give them a moment's consideration. At the same time we must

not overlook the fact that such statements sent broadcast through

the land in the daily press are bound to do untold harm and if let go

unnoticed would in the end bring about legislation that would cost

the railroads and the public at large fabulous and unwarranted

expenditures.

Most of us arc in favor of the speedy elimination of all of the

more important grade crossings, but on account of the enormous

cost of the work this matter must necessarily be approached with

reason and good judgment.

As all through or otherwise important highways are improved,

and therefore become more congested with highway traffic, the grade

crossings of such highways with railroads must necessarily sooner

or later be eliminated.

Personally, I do not think that State or county funds, largely

collected by taxation from the railroads and other industries, should

ever be used for major improvements on existing through highways

or for the construction of new ones where the railroad grade cross-

ings on such highways are to be left at grade. Such crossings should

be eliminated and a large part of the cost paid out of the taxes

collected from the railroads. It is my understanding that in con-

nection with the Federal Highway Act of 1921, providing for Federal

aid on certain state roads, the Federal authorities will not approve

of plans where railroad crossings are to be left at grade. This is a

move in the right direction, and similar restrictions should safe-

guard the State and county funds.

It would be much better to restrict the amount of road building

and utilize some of the taxes collected from the railroads and the

public at large for making safer the good roads we now have and

such new ones as we can afiford to build.

Should the present annual increase in some of the state and
local tax rates continue for many more years the railroads will soon

be in a position where they will have no funds available for grade

crossing elimination work. It seems only just that some of the

funds taken from the railroads by taxation should be used for grade

crossing elimination and to that extent reduce the amount of money
spent for building new highways on which motor busses and trucks

continue their unfair competition with the railroads.

There are various ways and means of making many of our cross-

ings less dangerous and at the present time the railroads are pro-

tecting many crossings throughout the country with automatic flag-

men. If automobile drivers will use one-half the care in the operation

of their cars on public highways, and especially at grade crossings,

as it is necessary for a pedestrian to use to keep from being killed

by automobiles while crossing a street, automatic flagman protection

will prove to be very satisfactory in the majority of cases.
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Again, many grade crossings can be eliminated where roads cross

and recross the tracks by the construction of new highways parallel-

ing the railroad, or through combining two or more roads to eliminate

one crossing, and also by providing over or undercrossings at points

where roads can be changed and the work done within a reasonable

expenditure. These are not new suggestions, for they are the means
that we have all used more or less in reducing the number of grade

crossings. I am bringing the matter to your attention at this time

as a result of a suggestion made by Mr. E. R. Lewis, Principal

Assistant Engineer of the Michigan Central. It is the view of Mr.

Lewis, in which I concur, that some organized movement should be

started with a view of convincing the various public bodies that a

co-operative movement between the railroads and the authorities will

go a long way toward eliminating grade crossings and at the same
time save all concerned unnecessary expenditures. There is probably

no organization in the country better suited to undertake such a

movement than the American Railway Engineering Association. The
members of this Association are responsible for the maintenance of

the tracks of practically all of the railroads of the country, and it

would seem feasible to make a reconnaissance survey of the entire

country in one season which would place on record every possible

location where a highway crossing could be eliminated, within reason-

able costs, by the diversion of the road. Such a survey should not

be confined to the observation of the railroad officials, but should

be a co-operative one with the interested public authorities. It is

my opinion that properly organized propaganda along this line might

result in a more or less general movement that would be beneficial

to all.

COMMITTEE-WORK THROUGHOUT THE YEAR
During the past year there has been quite an extended discussion

with the members of the Board and with the Chairmen of the various

Committees in regard to the question of actively carrying on our

committee-work during the winter months. The officers of your

Association made a special request on the Committee Chairmen late

last fall that an earnest effort be made on the part of Committees

to carry along their work during the winter months. The develop-

ment of this- subject has brought out the fact that some Committees

do carry on their work actively during the winter months, while

others have been inclined to drop active committee-work between the

date that the annual report is submitted to the Secretary and the

time in the spring when the revised personnel of Committees is

sent out to the membership.

As a rule, each Committee has under consideration several sub-

jects on which no definite report can be made at the annual conven-

tion. With such subjects and also with subjects where progress

reports are made, there would seem to be no good reason why the

Committees should not actively continue their work during the winter
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months. As a matter of fact, the three months from December to

February, inclusive, are the best months in the year in which to get

good attendances of both the main committee and sub-committees.

Again, some of the most effective work can probably be done imme-
diately after the Convention when the discussions at the annual

meeting are fresh in the minds of all concerned. We will probably

make better progress with all of our work if these facts are borne

in mind by the Committee Chairmen.

SUMMARY
In concluding I wish to suggest:

1. That we make every possible effort to co-operate with all

other branches of the American Railway Association, and also with

outside societies where such co-operation will benefit our Association,

the roads or the public.

2. That great care be used in the arrangement of the program
of both the American Railway' Engineering Association and the Signal

Section of the American Railway Association; that correlated sub-

jects under discussion be set for days when all interested can attend

the meetings. I would further suggest that so far as possible, our
Committee reports, in which the members of the Signal Section are

interested, should be given on the first and second days of our Con-
vention so as to enable the signal men to attend and give us the

benefit of their presence.

3. I recommend that we continue the practice of holding a

meeting of the Committee Chairmen with the Outline of Work Com-
mittee immediately after the Convention and strongly urge all

Committee Chairmen to attend this meeting.

4. That the Board of Direction give careful consideration to the

best possible use to be made of the Association's accumulating funds.

5. That each Committee Chairman carefully lay out the work
of the Committee with a view of avoiding a period of inactivity during
the winter months and immediately following the March Convention.

6. Lately we have not had as many monographs on special work
as we have had in former years, and I especially urge that the mem-
bers make it a point to give the Association the benefit of specially

prepared papers on subjects of vital interest to our Association.

(Applause.)

The President:—The next order of business is the report of the

Secretary and Treasurer.

Secretary E. H. Fritch:—The reports of the Secretary and the

Treasurer have been printed and distributed to the membership in

advance of this meeting, and therefore it seems unnecessary to read

or abstract them. The reports are self-explanatory and arc respect-

fully submitted for your approval.



REPORT OF THE SECRETARY

March 1, 1925.

To the Members: • _

The Twenty-sixth Annual Report on the general affairs of the

Association is presented in five parts, as follows

:

(I) Progress in Committee-Work

Quality of Reports and Volume
List of Subjects Covered
Classification of Activities

Research Work
Co-operative Activities

Committees, Meetings Held, Attendance
Representation on Committees by Railways
Written Discussions

(II) Report on Membership

Accessions During Year
Classification of Membership
Geographical Distribution

Charter Mem'bers
Deceased Members

(III) Publications

Proceedings, Bulletins, etc., Issued

(IV) Finances

Receipts and Disbursements
Report of the Treasurer

General Balance Sheet

(V) What the A.R.E.A. Symbolizes

Respectfully submitted,

'^ ^^ cT^^^i^.^
Secretary.
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(I) PROGRESS IN COMMITTEE-WORK
Quality of Reports and Volume

The results of the year's activities in committee-work are reflected

in the series of exceptionally well-considered and comprehensive reports

presented for consideration and action at this annual meeting.

The current reports maintain the high standards of excellence and

superior quality for which all of the work of the A.R.E.A. committees

are noted. In volume, they equal the output of any preceding year.

Subjects Covered in Reports

The wide range and the timeliness of the subjects reported on by

committees during the year are indicated in Exhibit A. These reports

form a distinct contribution to the Science of Railway Engineering.

Classification of Committee Activities

The activities of the respective committees in the past year have been

directed in the following proportions

:

On Roadway and Track problems 30 per cent

On Structure, problems 24 per cent

On Railway Economics 5 per cent

On Operating problems 16 per cent

On Railway Labor problems 6 per cent

On Miscellaneous Engineering problems 19 per cent

100 per cent

Research Work
The most notable research work undertaken by the Association in

recent years is that being conducted by the Committee on Stresses in

Railroad Track, under the able direction of Prof. A. N. Talbot, of the

University of Illinois. The results of this exhaustive study of the

stresses in railroad track have been made available in four voluminous

progress reports. This work has created world-wide attention among
scientific men. The first three progress reports have been abstracted

and translated into the Czecho-Slovakian language by Prof. Ing. Josef

Kugler, of the University of Prague, and published in the "Technical

Review" of that country.

Exhibit B is a reproduction of the comments by Prof. Kugler; a

translation of these comments is given in Exhibit C.

Progressive Motive Power officials are closely following the results

of the tests made by the Committee. As an indication of improvements

made by changes in the design of locomotives, after track tests had been

made, whereby a critical excessive stress developed in the rail of a ten-

degree curve was decreased by one-third, is described in a paper by Mr.

C. T. Ripley, Chief Mechanical Engineer of the Atchison, Topeka &
Santa Fe Railway, entitled "The Relation of Track Stresses to Locomo-

tive Design." That monograph brings out clearly the intimate relation

between locomotive design and the stresses in track.

During the coming year the Roadway Committee expects to inaugurate

a series of tests on culvert pipe, in co-operation with the Armco Culvert

and Flume Manufacturers' Association.
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The Committee on Iron and Steel Structures plans to make tests on

the behavior of bridge pins, the experiments to be made in the laboratory

of Lafayette College. This Committee is also preparing to make tests

on the bearing values of large rollers at the University of Illinois.

Co-operative Activities

Co-operation has been continued with other organizations on matters

of mutual concern, as for example

:

American Engineering Standards Committee.—The Association is

"sponsor" or joint sponsor, under the procedure of the A.E.S.C. on three

projects, and is represented on sectional committees of eight other en-

gineering standardization projects.

Manufacturers Rail Committee.—Co-operation in the preparation of a

revised Specification for Carbon Steel Rails.

Central Committee on Lumber Standards.—Preparation of Specifi-

cations for Lumber and Timber.

Manganese Track Society.—Preparation of plans for Frogs,

Switches, etc.

Joint Conference on Construction Contracts.—Preparation of Stand-

ard Construction Contract Forms.

University of Illinois.—Tests of Rail Joints and Tie Plates, and

Bearing Values of Large Rollers.

Lafayette College.—Tests on Bridge Pins.

Simplified Practice

In 1921, the U. S. Department of Commerce established the Division

of Simplified Practice to serve as an agency in bringing together pro-

ducers, distributors and users for the purpose of eliminating waste in

industry. As a result of co-operation of the interests concerned, recom-

mendations have been proposed, approved and accepted by industrial

groups, effecting the reduction of a large number of varieties. Among
the items in which the Engineering Department of railways are concerned

are Woven Wire Fencing (552 varieties reduced to 69), and Steel

Reinforcing Bars (40 varieties reduced to 11). On the advice of the

proper A.R.E.A. Committees, the Association has indicated its approval

of the action taken in these two instances.

Five members of the Association have been honored with appoint-

ment as Reporters to the tenth session of the International Railway

Congress Association, to be held in London in June of this year : Presi-

dent G. J. Ray, to whom has been assigned the subjects "Maintenance

of the Track" and "Level Crossings (Public Roads)"; Past-President

W. C. Cushing, who will report on the subject "Breaking of Rails;

Joints"; Samuel T. Wagner, Chief Engineer, Reading Company,
reporter on "Shunting Yards"; W. H. Elliott, Signal Engineer, New
York Central, reporter on "Fixed Signals"; and F. P. Patenall, Signal

Engineer, Baltimore & Ohio, reporter on "Color Position Light

Signals."
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Exhibit A
CONTENTS OF COMMITTEE REPORTS—1924-5

Roadway Bulletin 272

Revision of Grading Contract
Economics of Filling Bridge Openings
Corrugated Metal Culverts for Railroad Purposes
Unusual Methods of Handling Roadway Problems

—

Slips, Slides and Water Pockets
Methods of Keeping Down Dust
Methods of Waterway, Channel and Bank Protection

Ballast Bulletin 272

Revision of Specifications for Stone Ballast

Cost of Track Maintenance with Different Kinds of Ballast
Ballasting by Contract

Ties Bulletin 275

Report of Tests on Substitute Ties

Design of Substitute Ties

Tests of Foreign Woods in this Country
Specification for Tie Plugs

Rail Bulletin 273

Revised Specifications for Open-Hearth Cai-bon Steel Rails

Design for Track Bolts

Rail Failure Statistics for 1923

Limitation of Rail Wear on Curves

Track Bulletin 273

Temperature Expansion for Laying of Rails

Plans of S^vitches and Frogs, Crossings and Double
Slip Switches

Rerolling and Resawing of Rails for Relaying and
Welding of Joints

Track Construction in Paved Streets and Highways

Buildings Bulletin 272

Recommendation Relative to Floors for Railway Buildings

Specifications for Railway Buildings

Ventilation of Railway Buildings (Except Engine Houses)
Location and Design of Signs for Passenger Stations

Wooden Bridges and Trestles Bulletin 273

American Lumber Standards
Useful Strength of New, Old and Treated Timber
Classification of Uses of Timber and Lumber
Relative Merits of Open and Ballast Deck Trestles

Masonry Bulletin 272

Principles of Design of Concrete, Plain and Reinforced

Rules for Inspection of Masonry Structures
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Signs, Fences and Crossings Bulletin 273

Specifications for Bituminous Crossings and
Substitutes for Wooden Crossing Plank

Methods of Apportioning the Cost of Street and Highway Improve-
ments Adjacent and Parallel to Railroad Rights-of-Way

Elimination of Highway Grade Crossings
Plans for End, Corner and Gate Posts of Concrete
Improved Methods of Preventing Corrosion of Fence Wire

Signals and Interlocking Bulletin 272

Automatic Train Control
Signals for Highway Crossing Protection

Records and Accounts Bulletin 274

Cost-Keeping Methods and Statistical Records
Plans, Methods and Forms for Gathering and Recording Data for

Keeping up to date the Physical and Valuation Records
Comparison of Daily and Monthly Time and Material Reports

Rules and Organization Bulletin 271

Manual of Rules for the Guidance of Employees of
the Maintenance of Way Department

Rules for the Guidance of Employees in Electrified Territory

Rules for the Inspection of Buildings
Rules for Handling Explosives, Scrap and Refuse Material
Rules for Procedure in Case of Accident

Water Service Bulletin 272

Drinking Water Supplies

Pitting and Corrosion of Boiler Tubes and Sheets
Cost of Impurities in Locomotive Water Stipply and

the Value of Water Treatment
The Use of Lead as Compared with Substitutes for

Joints in Cast Iron Pipe
Hydraulic Rams for Use in Railway Water Service

Relative Economy of Different Methods of Pumping Water

Yards and Terminals Bulletin 274

Scales—Automatic Indicating Devices for Weighing
Proper Size and Arrangement of Large Passenger Station Facili-

ties as Determined by Business Handled
Freight Handling at Two-Track -Level Freight Houses and Team

Tracks and Multiple-Story Freight Houses
Freight Yard Design, Suggesting Economies in Operation
Arrangement of Terminals to Reduce Preparatory Leaving Time

and Terminal Arriving of Trains, including Main Track Capac-
ity Approaching Important Terminals

Iron and Steel Structures Bulletin 271

Specifications for Steel Highway Bridges
Instructions for Maintenance Inspection of Superstructures of Steel

Bridges
Tests and Study of the Behavior of Bridge Pins

Economics of Railway Location Bulletin 272

Methods of Estimating Speed, Time and Fuel Consumption
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Wood Preservation Bulletin 270

Service Test Records—Fence Post Tests
Treatment with Mixture of Creosote and Petroleum
Treatment with Mixture of Zinc Chloride and Petroleum
Effect of Preservative on Inflammability of Wood

Electricity Bulletin 271

Inductive Coordination—Water Power—Electrolysis

Overhead Transmission Lines:
Specifications for the Maintenance of Overhead
Electric Supply Lines

Specification for the Joint Use of Poles for Power,
Communication and Signal Circuits

Standardization of Insulators
Protection of Oil Sidings from Danger Due to Stray Currents

Uniform General Contract Forms Bulletin 273

Forms of Agreement:
For Furnishing Water from Railway Water Systems

to Employees and Others
For Joint Use of Passenger Station Facilities

For Joint Use of Freight Station Facilities

For Option for Purchase of Land
For Purchase of Electrical Energy
For Joint Use of Poles on Railway Right-of-Way

Economic! of Railway Operation Bulletin 274

Effect of Speed of Trains Upon the Cost of Transportation

Methods of Increasing the Traffic Capacity of a Railway
Methods of Analyzing Costs for the Solution of Special Problems,

Including the Study of the Costs of Starting and Stopping Trains

The Economy Resulting from the Operation of Trains Against the
Current of Traffic on Multiple Track Lines

Methods for the Determination of Proper Allowances for Maintenance
of Way Expenses Due to Increased Use and Increased Investment.

Utilization of Locomotives

Economics of Railway Labor Bulletin 275

Standard Methods for Performing Maintenance of Way Work and
Establishment of Units of Measure of Work Performed

Methods of Programming Maintenance of Way Work,
Looking to the Most Economical Application of Labor

Shops and Locomotive Terminals Bulletin 271

General Layouts and Designs of Car Shops
Recommended Practice for Freight Car Repair Shops
Typical Layouts for Storage and Distribution of Fuel Oil,

including Fuel Oil Stations Between Terminals
The Ventilation of Engine Houses

Stresics in Railroad Track Bulletin 275

Tests on Straight Track and Curved Track of the
Electrified Portion of the C. M. & St. P. Railway

Tests on Eastern Railroads—Influence of Canting
of Rail by the Use of Inclined Tie Plates

Co-operative Relations with Universities Bulletin 275

Progress Report
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Exhibit B
(Reproduced from "Technical Review," Czecho-Slovaltia)

Zprivy postupu a vysledcich vyzkumu, provedenych na zeleznicich Spoj. statu

scveroamerickych v letech 1915-1917. 1918-1922.

Die »l6i, [I a Ill'h Progress report of the special Committee to report on stresses in railroad trarU« il9iS— u)23)
sdelii.ie prof. Ing. J K u g 1 e r.

V uvedenych bulletineeh*) americice spolecnosti ci-

vilnicli inzenyru (I. a II. zprava) a spolku ameri-
ckych zeleznicnich inzenyrfi (III. zprava),**) uvefej-

nena jsou podrobna, kritickaas pouzivanymi teorieini

srovnavaci pojednani, o postupu a vysledcich roz-

saiilych vyzkumu specialnilio komitetu pro stano-

veni namahani zeleznicni kole.ie. Temito vedeckymi
pokusy, provedenymi v dosud neslychanem rozsahu
— V dobe pokusu 1915—17—18—22, bylo provedcno
pfes 800.000 zaznamenanych pozorovani — podafilo
se osvStliti mnohe, dosud ne.iasnc zjevy a faktory
siloveho a energetickeho problemu zeleznicniho, vy
cisliti skutecna napeti (ruznych smerii) v kolejnl-

cich a sterkovem lozi (a na plani spodku), a provesti

dedukce, ktere doplnuji theorie, platne pfed temito
soustavnymi, kritickymi a dosvedcujicimi vyzkumy.
Povazuji za nanejvys nutne ^deliti nejdulezitfijsi

zpravy techto budletinu s nasi teohnickou vefej-

nosti.

Jmenovane komite, sestavajici ze 16 clenu special-
nilio komite americke spolecnosti civilnich inzenyru
a z 5 clenii spolku americkych zeleznicnich inzenyru
(ktefi nebyli cleny »spolecnosti<'), ustavilo se v r.-

1913, pfipravne prace (t. j. pracovni program, volbu
stro.ju a pod.) zapocalo v lete 1914 a pokusy v r. 1915.
Komite pracovalo za nejucinnejsi podpory zelezav-
skych a zeleznicnich spolecnosti Spoj. stMi eevero-
americkych a university v Urbane, ktera provedla
celou fadu zajimavych pokusu s roznasenim tlaku
v sterkovem lozi ve svych laboratofich. Zkousky
byly vsak vetsinou provedeny na trati, a to zeleznic:
Illinois Central Railroad v letech 1915, 1918 a 1920
(kolejnice 9 14—10 05 m dl., 41 65 kg/m, I = 1124 cm',
W = 182 cm' [k pa tee], vzdalenost prahu 15/20, 24
rozmeru byla ca 50 cm [45—56], tlousfka sterkoveho
loze 30 a 60 cm Iv nekterych castech trati bylo pouzito
tezkych kolejnic 62 kg/m]), Delawara Lackawanna
& Western Railroad v letech 1916 a 1920 (kolejnice
52 kg/m, I = 2090, W = 295), S. Louis-S. Francisco
Railroad (kolejnice 422 kg/m, I =i 1211, W = 197 cm')
a v letech 1917, Atchison Topeka & Santa Fe v r. 1920
(kolejnice 446 kg/m, 1= 1611, W = 249) a v r. 1922
V Kalifornii na trati Bealville a Cajon. Vzdalenosti
prahu kolisaly mezi 46—56 cm, tlouStka sterkoveho

loze (piskove, struskove a z tluceneho kameni) mczi
15—63 cm.
Prvni lilohu, kterou komite hiedelo rozfesiti. bylo

stanoveni velikosti ucinku klidneho bremene na zel.

kolej, a to: 1. vycislenim snizeni Uole.ie (zatlaceni a
prohnuti), napeti v kolejnici, v sterkovem lozi resp.

na plani spodku, rozdeleni tlaku na podpory (prazco)

a 2. stanovenim taktorii, majicich vliv na promenli-
vost techto uvedenych velicin.

Dalsftiii pokusy byly. vycisleny tytoz veliciny za

pohybliveho biemene, a to: I. v trati prime, 2. v trati

zakiivene, a vysvetleny zjevy a vycisleny ucinky
faktoru, ktere jsou v dalisim pojednani zevrubne uve-

deny. Jako podklad k analysi ucinku obtizeni na ko

lej, byl pouzit v zeleznicni praksi niozny pfedpoklad,

ze kolejnice jest nosnik po cele sve delce podporovany
pruzne a ze tyto podpory jsou staleho modulu tuhosti.

Ackoliv tento pfedpoklad neni pfesny (am co se tyce

spojitosti a ani co se tyce stejnc pru/.nosti podpor.

byl pouzit proto, ze saadno a touze piesnosti, jako

jine komplikovane theorie. zaiozene rovnez na ne-

splnitebiych pfedpokladech, podava pfedstavu > za-

kladnich dejich koleje za obtizeni.

p Cora zatlaceni' a t/aku

^
rry-'-—;

^

uiiuHu,

*) Bnlletiny tyto daroval listavu stav. 2elez. ces. tech.
V Praze, p. K. Teplan z Chieaga.

•*) Tfeti zpr6va byla zpracovAna za soucinnostl spolku
amer. zeleznic (A. R. A.)

Za tohoto piedpokladu jest deformace iiosiiiku /IB,

pod bfemenem K a cara niomentu ohyboveho, body

obratu cary mom. ohyb. (6i) a cary deformace iW
patrny z obr. 1.

Vzdalenost pusobi.ste sily od bodu obratu c. ohyb.

mom. *,

TT^iE.J

kde E— modul pruznosti hmoty kolejnice

J= moment setrvacnosti kolejnice

C'= mira loznosti na jednicku d^lku kolejnice

NOTE.—The digest made by Prof. Kugler, of the University of Prague, Czecho-
slovakia, covers about 45 pages of the A.R.E.A. Bulletin. The abstract contains 68 of

the diagrams used by the Committee in its reports, redrawn with values expressed
in the metric system.
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Exhibit C
(.•Translation of Opposite Page)

Report of Progress and Results of Searches Done on the Railroads of the U. S.

in 1915 - 1917, 1918 - 1922.

By the "1st, 2nd, and 3rd Progress Reports of the S^pecial Committee to report on
Stresses in Railroad Track" (1918-1923) presented (also described) by Prof.

Engineer Josef Kugler.

In above-mentioned Bulletins of the American Railway Engineering Asso-
ciation and American Society of Civil Engineers (1st, 2nd and 3rd reports), are
published complete details and criticisms in connection with comparative theories

now used, also about the progress and results of extensive searches of the Special

Committee for finding stresses in rails. With these searches, done up to the

present in an heretofore unheard-of way, in the years 1915-1917, 1918-1922, over
800,000 observations were taken. It was possible to clear up very many, up to

the present, not clearly understood facts and factors of stresses and force prob-
lems in railroading; it also pointed out the conditions (in different directions)

in rails, crushed stone ballast (and roadbed), and made the deductions to com-
plete the theories, which were used before these systematic, precise and proved
searches were known. It seems to me that I perform a duty to give to our
technical public the most important facts of these Bulletins.

This was a Special Committee, composed of members of the A.R.E.A. and
A.S.C.E. The Committee was formed in 1913 and preliminary work (as to pro-
gram of work, necessary instruments, etc.) was begun in the summer of 1914 and
tests started in 1915. The Committee worked with the most active support of
the Iron Trade men, U.S. Railroad companies and University at Urbana, in whose
laboratories were made very many tests as to distribution of stresses in crushed
stone ballast. The tests were done on tracks of the railroad of the Illinois Central
Railway Company, in the years 1915, 1918 and 1920. (The rail 9.14-10.05 meters
in length, 41.65 kg/m, 1 = 1124 cm^ W = 182 cm^ (about the base of the rail),

distance between ties 15/20 X 2.4 (this is 15 cm X 20 cm X 2.40 m) was about
50 cm (45 — 56 cm), thickness of crushed stone ballast 30 to 60 cm (in some parts

of road heavy rails 62 kg. per meter were used). The Delaware, Lackawanna &
Western Railroad in years 1916 and 1920 (rails 52 kg/m 1 = 2090, W = 295), St.

Louis-San Francisco Railroad (rails 42.2 kg/m, 1 = 1211, W=197 cm^) and in

years 1917, the A. T. & S. F. Ry. Co. (rails 44.6 kg/m I = 1611, W = 249) and in

year 1922 in California on line between Bealville and Cajon, distance of ties varies

from 46 to 56 cm, thickness of stone ballast (sand, cinders and crushed stone)
varies between 15 to 63 cm.

As has been said above, in these searches attention was concentrated on the
stresses and energy factors, as to weights, distribution of pressure, counterweights
(position and the size), the speed, elasticity of the roadbed, etc., in the rail stresses
(straight and curved) and in crushed stone ballast at points between the joints.

As few tests have been made in points near joints, it is impossible at present
to determine rules similar to these which were found after many hundreds of
thousands, done in this excellent working program. The Committee is planning
further tests to establish the weakest points in railroad ballast.

Besides this, it is planned to test out also the factors of electric locomotives
on rail. It is possible that in a short time may be expected a report of a new,
very interesting and most important finding to clear up the whole confused prob-
lems of railroad ballast.

Published pictures in this article are the exact reproductions of pictures
printed in the Bulletins mentioned.

• Translation made by Mr. Chas. K. Teplan, of the Engineering Staff of the Atchi-
son, Topeka & Santa Fe Railway, Chicago.
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Committees, Meetings Held, and Attendance

The tabulation below is a list of the Standing and Special Commit-

tees of the Association; number of members of which they are composed;

meetings held during the year, and attendance

:

No. No.
Standing Committees Members Meetings Attendance

I—Roadway 26 3 22

II—Ballast 26 2 11

III—Ties 28 2 33

IV—Rail 23 5 82

V—Track ^ 33 3 62

VI—Buildings 23 2 20 .

VII—Wooden Bridges and Trestles 23 2 25

VIII—Masonry 21 3 34

IX—Signs, Fences and Crossings 25 3 32

X—Signals and Interlocking 19 • 6 77

XI—Records and Accounts 25 5 58

XII—Rules and Organization 24 3 24

XIII—Water Service 32 5 106

XIV—Yards and Terminals 32 3 47

XV—Iron and Steel Structures 34 5 83

XVI—Economics of Railway Location... 19 1 4

XVII—Wood Preservation 24 3 33

XVIII—Electricity 22 3 45

XX—Uniform General Contract Forms. 21 2 27

XXI—Economics of Railway Operation.. 33 3 50

XXII—Economics of Railway Labor 24 3 40

XXIII—Shops and Locomotive Terminals.. 27 3 36

XXIV—Cooperative Relations with Uni-
versities 16 2 13

Special Committees

Stresses In Railroad Track 20 2 23

Standardization 25 none none
Clearances 12 none none

Representation on Committees by Railways

Exhibit D gives the representation on the several Standing and

Special Committees by railways. It will be noted that approximately one-

third of the membership of the Association participated in committee-

work during the year.

Written Discussions

The efforts made from time to time to obtain written discussions

of papers and reports have thus far not met with the response expected.

On reading over a report in which a member is interested, he may find

time to write or dictate a real discussion of the subject, presenting his

own experience and opinions more completely and satisfactorily than can

be done in the oral discussion. Such individual discussions and ex-

pressions form most valuable supplementary matter to the original paper

or report.
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(II) REPORT ON MEMBERSHIP

The tabahdoa below gives the present status of the member^ip of

the American Raihray Engineering Association:

Monbenhlp as of Mardi 1. 1324 2149
AddftloBS dxtring the rear 163
Losses by death dnrine the year...... Zl
Reaignattops „ 29
Dropped ban rolls 35 SS

Net gain, in membendrip 7( 78

Total meiiiberslifp 2227

Railw^ Executives have always looked with favor on the work of

the Association, and have encouraged it in every possil'le way. It is

therefore particularly gratifying to record the fact that during the year

seventeen Railway Presidents have been enrolled as members, as well

as a number of Chief Operating oflkers.

The Executives of the thirty-three railwajrs enumerated below now
hold membership in the Associatioa:

Akron. Canton & Youngatown T^^h^gh Valley
Atchison. Topeica 4b Santa Fe L4NiisTiIJe 4b Maifarflle

Atlanta, Birmingham 4k AUantlc Missoiirl Fadfle
Canadian National Xissoari-Kansas-Texaa
Canadian Pacific New York Caitral Lines
Central of Georgia New York. New Haren St Hartford
Central Railroad of New Jersey Northern Facifle

Chesapeake & Ohio Xorfclk & Western
Chicago. Bnrilngton 4fc Qolncy Per« Marquette
Chicago Great Western St. Lods-San F^andsco
Chicago. Rock Island Sc Pacific Southern Fadfic Companr
Chicago 4b Northwestern To'edo Terminals
Duloth ft Iron Range Union Padflc System
Duhith. Mlssabe ft Nnthem Virginian

Elgin. Jollet ft Baston Wabash
&eat Northern Western Maryland
Jacksonrllle Terminal Company

Representing 1C2.M4 miles at railroad.

An analysis of the accesssoos to the membership during the year

discloses the following interesting facts:

Presidents 17
Vice-Presidents «
General Managers 2
Assistant General Manager 1
General Soperintendents 3
Superintendents 4
Chief Engineos 7
Engineers Maintenance of ^ay 21
Designing Enclneeis «..— ..... 3
Bridge Engineers ^ S
Dinsion Engineers 11
Signal Engineers a,. 3
Assistant Engineers, ete C3
Mecfaanica] OAcera i
Accounting Offlcers 2
Protessors in Colleges 3
MlsceOaneoos ^ t

Total 1S3
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Deceased Members

It is with sincere regret that we record the loss through death of

twenty-one vahied members during the past year. Inckided in the Ust

of the deceased are a Past-President and a Director of the Association.

lerea£[e^ iMembrrs

J. ^. AuTEN, Principal Assistant Engineer, Pennsylvania Railroad

System.

XW. A. Brewer, Assistant Engineer, Chicago & Northwestern Railway.

A. B. CoRTHELL, Chief Engineer, Boston & Maine Railroad.

A. E. Deal, Bridge Engineer, Delaware, Lackawanna & Western Rail-

road.

H. T. Douglas, Jr. (Director), Chief Engineer, Chicago & Alton Rail-

road.

J. M. Egan, Vice-President and General Manager, Missouri Pacific

Railroad.

Edward Ford, Assistant to President, Alabama & Vicksburg Railroad.

J. L. Harper, Vice-President and Chief Engineer, Niagara Falls Power
Company.

Albert W. Johnston (Past-President), formerly General Manager, New
York, Chicago & St. Louis Railway.

D. P. Kazakevitch, Civil Engineer.

G. F. KoNOLD, Civil Engineer.

C. F. KoppiscH, Civil Engineer.

H. C. LoTHHOLTz, formerly Engineer of Design, Chicago, Milwaukee

& St. Paul Railway.

L. M. Perkins, Executive Assistant, Northern Pacific Railway.

C. C. Post, Assistant Engineer, Union Pacific Railroad.

J. M. Rapelje, Vice-President—Operation, Northern Pacific Railway.

XB. F. Sedwick, Assistant Engineer, Adjustment Division, Baltimore &
Ohio Railroad.

A. C. Stickney, Division Engineer, Boston & Maine Railroad.

XD. A. ToMLiNSON, Manager Railways Bureau, Portland Cement Asso-

ciation.

W. T. Tyler, formerly Director of Operation, U. S. Railroad Ad-

ministration.

F. H. Watts, Engineer Maintenance of Way, Pennsylvania Railroad

System.

XIn Military Service during World War.
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Members in Military Service

A canvass of the membership disclosed the interesting fact that over

three hundred members of the Association were in Military Service dur-

ing the World War, including nearly every grade of the service—from
the private soldier in the ranks to Major-General.

The Roll of Honor was published in Bulletin 270, October, 1924.

Charter Members

Exhibit E is presented as a matter of historical interest.

The original Charter Membership list consisted of three hundred
names. Of that number, 82 of the "old guard" still retain membership;
the losses through death were 178; 40 withdrew from membership on
account of retirement from active railway service or to engage in other

pursuits.

Geographical Distribution of Membership

The geographical distribution of the membership is shown in

Exhibit F.

By reference to the map, it will be noted that a substantial number
of railway engineers in foreign lands are affiliated with the Association,

in order to keep informed of the progress and developments in railway

practice through the publications of the A.R.E.A.

Classification of Membership

The following table is a departmental classification of the mem-
bership :

General Officers 132

Includes Chairmen of Boards, Presidents, Directors, Vice-
Presidents, Assistants to Presidents, General Managers, As-
sistant General Managers

Conducting Transportation 87

Includes General and Assistant General Superintendents,
Division Superintendents, Trainmasters

Maintenance of Way and Structures 1520

Includes Chief Engineers, Chief Engineers of Maintenance
of Way, Engineers Maintenance of Way, Bridge Engineers,
Division Engineers, Signal Engineers, Assistant Engineers,
etc.

Maintenance of Equipment 18

Includes General Superintendents of Motive Power, and other
Mechanical Department Officers

Traffic Officers 4

Accounting Officers 7

Purchases and Stores Department 2

Professors in Colleges 53

Miscellaneous 404

Includes Consulting and Civil Engineers, Engineers of Indus-
trial Corporations, Government and Municipal Engineers, etc.

Total 2227
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(III) PUBLICATIONS

During the year the usual number of Bulletins and the annual vol-

ttme of the Proceedings were issued. The printed matter issued comprised

:

Ten Bulletins, aggregating 1996 pages
Proceedings, Volume 25, aggregating 1432 pages

Total 3428 pages

It is significant that the demand for the publications of the Associa-

tion is constantly increasing, more particularly from manufacturers of

railroad appliances and supplies, indicating a more extensive use by rail-

way companies of the specifications, plans, and designs of the A.R.E.A.

The attractive, convenient, and useful form in which the American

Railway Engineering Association gives out the results of its labors has

been favorably commented on by railway officials and others.

(IV) FINANCES
Below is a condensed summary of the Financial Statement given in

Exhibit G.

Receipts during the year $55,738.48
Disbursements during the year 45,533.80

Excess of Receipts over Disbursements $10,204.68

The General Balance Sheet is shown in Exhibit H.

(V) WHAT THE A.R.E.A. SYMBOLIZES
"American Railway Engineering Association" is synonymous with

ACCOMPLISHMENT and SERVICE. By vigor and virility; by ac-

tivity and achievement; by improvement of technique and invaluable

contributions to engineering science and art—the Association has justi-

fied itself and demonstrated valid reason for its continuance.

Its founders had prophetic minds in regard to its future, and the

ardent zeal shown in its workings throughout subsequent years is un-

paralleled in any similar organization.

The predominant position of the A.R.E.A. is in large measure due

to the individual character of its membership and to the spirit of volun-

tary co-operation. Its members, drawn from all parts of the North

American Continent, have learned to work together, and to work suc-

cessful ly, for a common purpose—to benefit the Transportation Industry.

The charter of our existence provides that we shall devote our-

selves to the "advancement of knowledge pertaining to the scientific and

economic location, construction, operation and maintenance of railways."

The published records of the Association are evidence that that

program has been adhered to. The splendid work performed by the

American Railway Engineering Association in the past quarter-century

is an assurance that its future activities will be conducted with equal

thoroughness and efficiency.
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Exhibit G

FINANCIAL STATEMENT FOR CALENDAR YEAR ENDING
DECEMBER 31, 1924

Balance on hand January 1, 1924 '. $44,226.38

RECEIPTS
Membership Account

Entrance Fees $ 2,710.00

Dues 21,891.00

Binding Proceedings and Manual 1,533.00

Badges 15.00

Sale of Publications
Bulletins 2,159.40

Proceedings 3,801.13

Manual 3,503.14

Specifications 917.20

Leaflets 246.00

Advertising
Publications '. . . . 2,352.80

Interest Account
Investments 1,801.25

Bank Balance 200.71

Annual Meeting 3,1 10.00

Miscellaneous 27.95

American Railway Association
Rail Investigations 11,469.90

Total $55,738.48

DISBURSEMENTS
Salaries $ 8,964.92

Proceedings 4,650.74

Bulletins 12,874.15

Manual 200.00

Stationery and Printing 1,322.69

Rents, Light, etc 845.00

Supplies 330.05

Expressage 646.31

Postage 1,340.40

Exchange 94.30

Committee Expenses 97.50

Officers' Expenses 51.62

Annual Aleeting 4,445.13

Refund Dues, etc 56.00

Audit 150.00

Miscellaneous 207.77

American Railway Assn.—Rail Investigations 9,257.22

Total $45,533.80

Excess of Receipts over Disbursements $10,204.68

Balance on hand December 31, 1924 $54,431.06

Consisting of:

Bonds at Cost $40,941.64

Cash in S. T. & S. Bank 13,464.42

Pretty Cash Fund 25.00

$54,431.06
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STRESSES IN TRACK FUND
Balance on hand January 1, 1924 $ 4,018.38

Received from interest during 1924 128.03

Received from contributions 2,500.00

Total $ 6,646.41

Paid out on Audited Vouchers during 1924 3,589.35

Balance of fund on hand December 31, 1924 $ 3,057.06

Respectfully submitted.

Board of Direction.

REPORT OF THE TREASURER
Balance on hand January 1. 1924 $44,226.38

Receipts during 1924 $55,738.48
Paid out on Audited Vouchers 45,533.80

Excess of Receipts over Disbursements 10,204.68

Balance on hand December 31, 1924 $54,431.06
Consisting of:

Bonds at Cost $40,941.64
Cash in S. T. & S. Bank 13,464.42
Petty Cash Fund 25.00

$54,431.06

STRESSES IN TRACK FUND
Balance on hand January 1, 1924 $ 4,018.38
Received from interest during 1924 128.03
Received from contributions 2,500.00

Total $ 6,646.41
Paid out on Audited Vouchers during 1924 3,589.35

Balance of fund on hand December 31, 1924 $ 3,057.06

The Securities listed above are in safety deposit box of the

Standard Trust & Savings Bank, Chicago.

Respectfully submitted,

GEO. H. BREAINER,
Treasurer.

I have made an audit of the accounts of the American Railway
Engineering Association for the year ending December 31, 1924, and

find them to be in accordance with the foregoing financial statements.

CHARLES CAMPBELL,
Auditor.
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Exhibit H
GENERAL BALANCE SHEET

December 31, 1924
Assets 1924 1923

Due from Members $ 3,075.50 $ 3,322.75
Due from Sale of Publications 850.35 2,345.04
Due from Advertising 4,165.00 3,800.00
Due from Amer. Rv. Assn. -Rail Inves-

tigations 726.25 2,908.93
Furniture and Fixtures ( Cost ) 997.40 . 997.40
Gold Badges 68.80 .61.00

Publications on hand (Estimated ) 6,000.00 6,000.00

Manual 3,000.00 5,000.00

Extensometers 500.00 500.00

Investments (Cost) 40,941.64 40,941.64

Interest on Investments (Accrued) 924.53 776.63
Cash in Standard Trust & Savings Bank.. 13,464.42 3,259.74

Petty Cash Fund 25.00 25.00

Liabilities

Members' Dues paid in advance: $ 6,398.72 $ 5,979.72

Impact Test Fund on Electrified Railways.. 285.46 285.46

Advertising paid in advance 60.00

Due for printing Bulletins 1,081.34 1,272.49

Surplus 66,913.37 62,400.46

Total $74,738.89 $69,938.13

The President:—You have heard the report of the Secretary and

Treasurer, what is your pleasure?

Mr. Earl Stimson (Baltimore & Ohio) :—Mr. President, I move the

adoption of the following resolution:

Resolved, That the report of the Secretary and Treasurer be ap-

proved ; and further

Resolved, That the thanks of the Association be given the Secretary

for the excellence of his report.

(The motion was carried.)

The President :—Invitation is hereby extended to visiting members

representing railways, whether members of the Association or not, also

to college professors, to take part in the discussions of this convention.

The first committee to report is the Committee on Wood Preservation.

Will the members of the Committee please come to the platform?

Mr. S. D. Cooper, Chairman of the Committee, will now present the

report.

(For Report, see pp. 6S-129.)

The President :—The Committee on Shops and Locomotive Terminals

will come forward. Mr. A. T. Hawk, Vice-Chairman, will present the

Committee's report, in the absence of the Chairman.

(For Report, see pp. 131-157.)
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The President :—The report of the Committee on Rules and Organi-

zation will now be presented by Mr. W. C. Barrett, Chairman.

(For Report, st-i- pp. l.=;9-240.)

AFTERNOON SESSION

(Vice-President J. ^I. R. Fairbairn in the Chair.)

Vice-President Fairbairn:—Mr. O. F. Dalstrom, Chairman of the

Committee on Iron and Steel Structures, will present the report of that

Committee.

(For Report, see pp. ZTT-IS*^).)

(President Ray in the Chair.)

The President:—The Committee on Roadway will please come for-

ward. Mr. C. M. McVay will present the rcjjort oi the Roadway Com-

mittee.

(For Report, see pp. 41'J-436.)

The President:—At this time the Chair would like to announce thai

the Tellers that will be appointed to couiil the ballots for the ensuing

year are

:

R. D. Garner, Chairman; F. F. Harrington, J. W. Burt, J. L. Sues-

serott, H. E. Miller, W. A. Clark.

It will be necessary to have these liallots counted to-night by the

Tellers so that a report can be prepared for presentation at the close of

to-morrow afternoon's session.

Mr. F. B. Wiegand, Chairman of the Signals and Interlocking Com-

mittee, will present the report of that Committee.

(For Report, see pp. 489-514.)

The President :—The Water Service Committee will i)lease come for-

ward. The Chairman, Mr. C. R. Knowles, will now present the report

of the Committee.

(For Report, see pp. 373-418.)

WEDNESDAY. MARCH 11, 1925

MORNING SESSION

The President :—The Committee on Electricity will now come for-

ward and take their places on the platform. Mr. E. B. Kattc. Chairman,

will present the report.

(For Report, see pp. 241-27r,.)

The President:—The report of the Committee on Ballast will be

presented by Mr. F. J. Stimson, Chairman.

(For Report, see pp. 437-4.i7.)
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The President :—The Committee on Buildings will please come for

ward. Chairman W. T. Dorrance will present the Committee's report.

(For Report, see pp. 459-468.)

The President :—Prof. E. E. King, Chairman, will present the report

on Economics of Railway Location.

(For Report, see pp. 469-487.)

Before this Committee concludes its report, the Secretary has a

matter to present. It was intended to bring this up to-morrow afternoon

but for special reasons he wishes to present it at this time.

Secretary Fritch :—Mr. President, with the close of this annual meet-

ing, the Senior Past-President will retire, due to expiration of term of

office—concluding eleven years' service as a member of the Governing

Board.

It seems proper and fitting that we express appreciation of this long

term of service, on behalf of the interests of the Association.

It is, therefore, moved that the American Railway Engineering As-

sociation, in annual meeting assembled, hereby expresses its appreciation

and extends its thanks to the retiring Senior Past-President, Earl Stim-

son, Chief Engineer Maintenance, Baltimore & Ohio Railroad, for the

conspicuous, invaluable and distinct services rendered during his connec-

tion with the Board of Direction, characterized by wise counsel, good

judgment, and earnest devotion to the interests and welfare of the Amer-

ican Railway Engineering Association.

Mr. J. L. Campbell (Southern Pacific) :—Mr. Earl Stimson, Mr.

President, and Gentlemen of the Association: The American Railway

Engineering Association is the outstanding engineering association of the

world. To be a member of it is an honor ; to be a member of any

one of its committees is an honor; to make any contribution to its work

is a privilege and an honor; to have been a member of its Board of

Direction for eleven years and during that time to have served as its

President one year, is the highest honor.

I have in my hand a medallion, on one side of which are four figures

—the figure of Enlightenment, the figure of History, the figure of Industry,

and the figure of Ability. Enlightenment is drawing aside the veil which

hides Ability ; History is recording the event in the book of time ; Industry

is preparing to receive and crown Ability.

On the reverse side of this medallion are two trees, one on the one

side and one on the other. The laurel leaves of Honor intermingle with

the oak leaves of Strength, forming an arch over the name of the person
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inscribed beneath. In this case the name is "Earl Stimson, Contributor

to the Science of Railway Engineering."

Mr. Stimson, upon behalf of the Board of Direction of the Amer-

ican Railway Engineering Association, upon behalf of the Association,

upon behalf of all of your friends, and with great personal pleasure I

present to you this medallion as an evidence of the appreciation and the

love which this Association and your friends have for you.

I know that this will always be a memento of great pleasure and

satisfaction to you. (Applause.)

Mr. Earl Stimson (Baltimore & Ohio) :—Mr. President, Mr. Campbell

and Friends of the American Railway Engineering Association : I must

confess this is a great deal more than I ever expected. So far I have

felt amply rewarded for all I have done for the Association. Probably

the reward that I cherished most is the great pleasure that I have had

in working for the Association and the great number of splendid ac-

quaintances I have made among this body of men who for ability, for

character and for lovableness are without equal.

Another reward I must confess I worked hard for, and I had it in

mind all the time. It was a case where the job did not seek the man

but the man went after the job. That was the presidency of this As-

sociation. I wanted it because I considered it the highest honor that

the Railway Engineering profession has to bestow upon a member. I

was not at all modest in my wants, I wanted it and I went after it,

and you gentlemen were kind enough to give it to me.

It is quite fortunate that they selected a very good friend of mine

to make the presentation, and he has made it most graciously and most

complimentary to me. But I do not want to drop from the Board, into

the cold waters of oblivion, under false colors. The service I gave the

Association was not all unselfish. There was a certain amount of selfish-

ness in it, as I expected and did receive in proportion as I gave and

had that personal gratification that comes from the consciousness that one

has done what one set out to do. Nevertheless, although I have been

amply repaid for all that I have done and I consider this beautiful medal-

lion more in the light of an over-payment tlian a reward, I am going to

keep it. (Applause.)

President Ray:—You heard the resolution which Mr. Fritch read

a minute ago. I would like to call for a rising vote on this resolution.

(The resolution was carried unanimously by a rising vt)te.)

President Ray:—It is unanimous.
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The President :—Mr. C. C. Westfall, Chairman of the Committee on

Masonry, will present the report of the Committee.

(For report, see pp. 477-488.)

The President:—We have set aside this time to give those an op-

portunity who have something they wish to say in regard to deceased

members, those who have passed on during the past j-ear, and we will,

therefore, take a few moments for that purpose before we adjourn.

MEMORIAL MEETING

Mr. G. H. Tinker (New York, Chicago & St. Louis) :—Mr.

Chairman, I wish to say briefly that my acquaintance with Mr. A. W.
Johnston dates for the last twenty years of his life. That was long

enough for me to learn that he was a man who was a friend to all of

the employees on his road, and that he had the friendship of all the

employees on the road. The personnel of the Nickel Plate Road at that

time was not large. The organization was not complex and his duties

placed him in contact with all departments. He was interested in the

work of all departments; he was interested in scientific railroading; in

fact, I think it is fair to say that he was one of the pioneers in scientific

railway engineering. That is indicated by his interest in this Association.

Those especially who were members of this Association during its

earlier years will recall the great interest Mr. Johnston took in the work

of this Association. When the Association undertook to make some

impact tests to determine the impact upon steel bridges, Mr. Johnston

was one of the first to cooperate through the Nickel Plate Road by

furnishing facilities, the bridge and engines, and the assistance to make

these tests. That has been done by other roads since, but I think you

will find the first series of tests were made upon a bridge on the Nickel

Plate Railroad.

The Association, I think, is to be congratulated and owes a great

deal to the fact that it had men of the character of Mr. Johnston during

its earlier years, and a great deal of its success is due to the efforts of

the men of his character put forth at that time.

Mr. A. C. Irwin (Portland Cement Association) :—I know the time is

short and everyone wants to go, but I cannot let this opportunity pass

without paying my respects to Mr. Johnston. I was employed on the Nickel

Plate Railroad for four years during his administration. I well recall

one early morning just outside of Buffalo. I do not know why I was on

that bridge job so early, but I was there very early, before the men
were there. Number 6 was due through there at about six o'clock, and

I was looking at the rear end of Number 6. There stood Mr. John-

ston at the back of the train taking in the whole situation. Some com-

ments he made later in regard to what was going on on that particular

morning showed that he not only comprehended the situation from this

passing inspection but that he had the details of the whole job at his

finger tips.
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The ability of Mr. Johnston to carry the complete picture of every-

thing that was going on on that railroad was perfectly marvelous. It

soon became known among the employees to the very last man that Mr.

Johnston knew just what that employee was doing. It also became known
among all of us that not only did Mr. Johnston know what we w-ere

doing, but that he was sympathetic ; he understood our problems, and they

were his problems.

Mr. Tinker has very fittingly told you of the great service Mr.

Johnston rendered to this Association. As I said at the beginning, I

cannot let this opportunity pass without paying my respects to one of

the most splendid characters I ever met.

Mr. R. A. Cook (Chicago & Alton) :—Mr. Chairman, the privilege has

been mine of being associated closely with our late Director, Mr. Douglas,

during the last twelve years of his life, during which time he has been

my superior officer. He first impressed me by his knowledge of and in-

sight into his profession and bj' his unusual energy. Important decisions

were rendered promptly and all his business duties were executed with

an earnestness and energy which seemed to leave his personal comfort and

conveniences entirely out of consideration. No man could be more
earnestly devoted than Mr. Douglas was to the interests of his em-

ployers and to such other interests as he espoused.

I desire to pay tribute, how^ever, not so much to Mr. Douglas, my
superior officer, as to Mr. Douglas, my friend, for he has been my sincere

and highly esteemed friend since I first became well acquainted with him.

Friendship to him was a vital attribute; and the interests of his friends

he always stood ready to advance to the best of his ability. Helping

others who needed his help was always a pleasure to him.

Many of the members of this Association know the many fine points

of Mr. Douglas' character better than I can describe them. I think,

however, that the principal ones are summed up in the statement that

he was a man of the most gentlemanly and courteous nature, one who
ever had the highest ideals,_ and whose loyalty to these ideals and to

the principles in which he believed was unswerving. By his death, this

Association has lost a most loyal supporter and earnest worker. His

long membership in it was a source of pride to him. The Association was

to him always the final authority of his profession, and it included in its

membership many of his most esteemed friends, thus commanding both

his respect and affection. His long membership on the Yards and Terminals

Committee and his association with that Committee were also matters of

pride and pleasure to him. He entered into the various activities of the

Association with his characteristic energy and vigor.

Afr. Douglas was favored with a strong constitution and a rugged

physique. No one would have thought at our convention of a year ago

that his final summons was then so soon to come, for his death was

due to an infection rather llian fo physical infirmity.
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Speaking for his many friends among his business associates, we miss

him ; we miss his friendly greeting, his humorous stories, his counsel, and

his distinctive personality.

I wish to say we are privileged to have with us at this session Mr.

W. G. Bierd, who will make a few remarks.

Mr. W. G. Bierd (President, Chicago & Alton) :—Mr. President and

Members of this Association

:

This is really a privilege to me, most highly esteemed, to speak of

and to pay my respects to one of your members, Mr. Henry Trovert

Douglas. I am going to say just a few words more upon the personal

side of the man as I knew him, because perhaps I am not able or qualified

to judge him so well in his profession.

This is an occasion when duty and sorrow mingle—a duty that we

owe to our friends and associates who have gone from us and will not

again take part in our affairs and deliberations. Their loss brings to

the associates of the departed ones a great sadness.

"Friendship is the one force in the world which remains

eternal without any sustenance, save hope, which lives and

grows and flourishes without culture or care. It is the rarest

flower in life, and when found, mysteries of true companionship

are solved."

Mr. Henry Trovert Douglas, Jr., was my friend. He was a most

valued friend. I shall cherish his memory and his friendship all my life-

time, and shall he a better man myself for having known and associated

with him.

I knew Mr. Douglas for fifteen years, but was associated directly

with him for ten continuous years. In this time I had ample opportunity

to know him well and to know his worth and character as a man. And
I can use no words more fitting than to say that in every respect he

proved himself a true and loyal friend to his associates, and a true and

devoted officer to his company and superiors.

During our association I depended much upon Mr. Douglas. I re-

lied greatlj' upon his ability as the head of a department and as a capable

Engineer.

In an organization such as our railroads have, the head or principal

officer relies upon his subordinate officers, who become extremely valuable

or otherwise. Indeed, the success or failure of the organization depends

upon the fidelity, the wisdom, and the accuracy of judgment of these

subordinate officers and departmental heads.

As a perfectly natural sequence, we purposely and intentionally treat

all of our subordinates alike; yet the fact remains, for which usually we
cannot give a reason, because we do not intend it to be so, that the head

of such an organization becomes closer to one than he does to the others

of his subordinates and assistants. There is that something that draws

a man to another, and the associations become very close. They develop

into a personal friendship, and we esteem the man because we know
his real worth. He proves by his daily work, his character and his in-
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tegrity, his value and his friendship to his superiors and to his associates.

And so we grow to rely upon and trust implicitly such men or officers.

These were the relations between Mr. Douglas and myself. In many

respects I favored him, indeed loved and admired him, beyond all others

in our organization.

Like all of us, Mr. Douglas had his faults, his weaknesses, but as

men go his faults and weaknesses were few, and I learned to rely upon

him almost implicitly.

Mr. Douglas was devoted to his profession. He lived for it and

in it, by day and by night. I think I never knew a man more engrossed

in his profession, and I admired him for it.

I believe he was the most loyal man to his company and to his duty

that it was ever my pleasure to know.

But the other side of this man's life was more to me than the pro-

fessional side. His goodness, his grandeur—if I may use that expression

—were proved in his honest loyalty to every man associated with him.

There are but few men—they are rare—who at some time in their busi-

ness careers do not criticize or say some discouraging things or do some

discouraging acts that are not altogether becoming.

I can, however, with great pleasure and with great personal pride,

say that I never heard Mr. Douglas speak an unfair word or do an un-

fair act to any man with whom he was associated, although knowing

well that these associates were not always as fair and honorable to him.

This was his great forgiving, honorable spirit and disposition that caused

me to love him most dearly.

As an officer and associate I respected him highly. I could trust him

in every detail. His word of honor was sacred. But aside from business

we had become personal friends, when we stood man and man and not

as superior and subordinate.

When the day's work was done and the curtains were drawn and

perfectly friendly intercourse could be enjoyed, it was then that Mr.

Douglas shone most brightly. It was then I realized that he, not my-

self, was the superior. Mr. Douglas was a profound student. He pos-

sessed educational attainments such as I have known in few men. His

knowledge was far-reaching. He was as familiar with the arts and

sciences as he was with his daily work. He was a lover and master

of history. He was a connoisseur of the drama, paintings and music.

He quoted the best of the authors verbatim. From all of these his dis-

position and character were shown, because he retained the finer things,

the finer expressions, the finer writings and sayings of the great authors,

scientists and artists.

All of this was reflected in this refined gentleman, because always

and under all circumstances was Mr. Douglas a gentleman.

This is the character, these are the attributes that caused me to love

and respect this gentleman, who has departed from your membership;

and I shall always cherish the privilege of saying: "He was my friend."
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Mr. C. A. Morse (Chicago, Rock Island & Pacific):—I want to

say a word about Mr. Douglas. I happened to meet him the first month

he was in Chicago. We had a great manj' business transactions during

his residence in Chicago and it happened tha>t we were representing op-

posite interests and seldom were able to agree ; but during all the time

I knew Mr. Douglas I counted him as one of my best friends, and I

was a great admirer of Mr. Douglas; he was a man who had a very

lovable character.

Mr. W. M. Camp (Railway Review) :—I wish to say just a word
in memory of Mr. Douglas. I am happy to reflect that I enjoyed personal

acquaintance with Mr. Douglas for a good many j'ears, and that I came

to admire the man and to know a good deal of his personality without

being intimately associated with him in a business way.

What one desires most to think about of a departed friend is what

he did and what he was. As an Engineer Mr. Douglas was a man of

ability and he did things. Any comprehensive history of the railroad

transportation development of this country would have to include Mr.

Douglas as one of those who made his mark. He had a long experience

and a large experience. His experience was large in the sense of the

quantity of work which he accomplished, and also in the varied nature

of it. In his younger days he was engaged on railroad construction, for

the most part ; and in his mature years he was engaged in both con-

struction and maintenance.

As monuments to the ability and industry of the man we look to the

work which he did in connection with railroad terminal improvements

about the city of Pittsburgh and also in the city of Chicago. Now all

this professional skill of Mr. Douglas, and his ripe experience, he brought

to the service of this Association, and we have had the benefit of it.

He served for a long time on one of the important committees of this

Association, and he died in harness as one of the Directors of this

Association. If there was time for it a great deal could be said in

elaborating upon the professional experiences of Mr. Douglas. The work
of this Association which stands of record has become very large, and

the contributions of Mr. Douglas are no small share of it.

In writing the biography of a man or in making remarks upon his

life, it is conventional courtesy to say pleasing things about his person-

ality. In the case of Mr. Douglas one does not feel the necessity of doing

this as a matter of form. With anyone who was acquainted with Mr.

Douglas it is easy to remark upon his genteel and pleasing personality.

It was one of the outstanding things about the man. If I were restricted

to say one thing or the other about him, to remark on one phase or

the other of his career, his professional achievements, or his personality,

I would choose the latter because I would not only feel that my remarks

were not in any sense complete without doing so, but that such is the

most striking thing to be remembered of the man's career, notwith-

standing that he was an Engineer of eminence.
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Air. Bierd has given us an intimate view of his gentlemanly qualities.

He was a gentleman, apparently-, without trying to be one—he could not

be anything else, notwithstanding that he was a man of opinions and he

could express his opinions forcibly and could do it without offending. If

he disagreed with one he could make him aware of it without leaving

a feeling that he was antagonistic.

Personally, I always felt, from the first time that I met him, that

he was my friend. I never called on him, in his office, and went away
without feeling that I would be welcome to call again ; and not only welcome

but that it would be a pleasure for him to have me call.

We will miss him in this Association. Notwithstanding his great

abilities and his very broad education and culture, Mr. Douglas was not

a man who was ostentatious. You took his measure from your own
observation of the man without any effort of his to impress upon you

his standing among men.

Mr. J. L. Campbell (Southern Pacific) :—I want to say just a word
about Mr. Douglas. A year ago we took lunch together at the Engineers

Club, which was the last time I saw him. At that time we were not

talking shop but of other things; of the finer things of life. His was
a pure soul and lofty vision of life and duty. He was a fine, Christian

gentleman.

Mr. Edwin F. Wendt (Consulting Engineer) :—Time forbids more
than a few words in memory of these members. I was personally ac-

quainted with both of them. Mr. Johnston was on the Board in 1908

when I became a member. He was one of the men who helped to

organize and develop the American Railway Engineering Association in

its earlier years.

I can second all that has been said by the other speakers in honor

of Mr. Johnston and Mr. Douglas.

I met Air. Douglas some twenty-five j-ears ago when he was located

in Pittsburgh. At that time I was associated with the Pittsburgh &
Lake Erie Railroad, which was in the same general territory. I have

known Air. Douglas for all these years, and while I was not associated

with him on the Board of Direction, I know that he served the Associa-

tion with distinction.

The point I wish to make is that these two men were distinguished

members of our profession, and when we honor them we honor the

engineering profession. They worked with no thought of any special

material reward. The reward of the Engineer does not consist of money
nor of title nor of position, but it consists rather of what we get out of

life. In other words, the reward of the Engineer is spiritual rather than

material.

President Ray:— ll there are any other members or friends who
wish at this time or later to present anything in memory of either Mr.

Douglas or Air. Johnston or others of the Association who have passed

on during the year, we shall be very glad to have you present it in

writing.
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AFTERNOON SESSION

(Vice-President Fairbairn in the Chair.)

Vice-President Fairbairn :—Gentlemen, is there any further discussion

on the report of the Joint Committee on Standard Specifications for Con-

crete and Reinforced Concrete?

The session this morning, gentlemen, gave consent to taking up the

report of the Committee on Cooperative Relations with Universities next

in order. I will, therefore, ask the Committee on Cooperative Relations

with Universities to come to the platform, and will request Mr. R. H.

Ford, the Chairman of the Committee, to present the report.

(For Report, sec pp. 1247-1248.)

(President Ray in the Chair.)

The President :—Mr. G. D. Brooke, the Chairman of the Committee

on Economics of Railway Operation, will now present the report of the

Committee.

(For Report, see pp. 859-927.)

Prof. A. N. Talbot, Chairman, will now present the report of the

Committee on Stresses in Track.

(For Report, see pp. 1081-1245.)

The President:—Before we adjourn, and to save confusion, before

the Committee leaves the platform, we will have the Secretary read the

result of the ballot for officers.

Secretary Fritch read the result of the ballot as follows

:

REPORT OF THE TELLERS
March 10, 1925.

To the American Raihvay Engineering Association:

We, the Committee of Tellers, report the following as the result of

the count of the ballots

:

President

:

J. M. R. Fairbairn 1197
Maurice Coburn 2
W, H. Kirkbride 1

C. F. W. Felt 1

W. R. Armstrong 1

Vice-President:

D. J. Brumley 1200
E. B. Katte 1

J. E. Willoughby .• 1

Treasurer:

Geo. H. Bremner 1202

Secretary:

E. H. Fritch 1202
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Directors (three to be elected) :

G. D. Brooke 729

W. H. Kirkbride 531

C. E. Johnston 450
A. O. Ridgway 424
G. L. Aloore 398
F. P. Patenall 327
W. H. Hoyt 319
L. S. Rose 234
H. J. Pfeifer 232
R. B. Robinson 1

Nominating Committee (five to be elected) :

W. R. Armstrong 762
T. T. Irving 720
H. E. Hale 660
A. F. Dorley 653
A. Montzheimer 639
C. R. Knowles 595
B. R. Leffler 594

J. B. Jenkins 554

J. deN. Alacomb 510

J. C. Irwin 393
Maro Johnson 1

P. G. Lang, Jr 1

L. B. Allen 1

R. C. Bardwell 1

Respectfully submitted,

R. D. Garner, Chairinan;

W. A. Clark,

J. L. SUESSEROTT,
H. E. Miller,

J. W. Burt,
F. F. Harrington,

Tellers.

THURSDAY, MARCH 12, 1925

MORNING SESSION

The President :—The Committee on Uniform General Contract Forms

will please come forward and take their place on the platform.

In the absence of the Chairman of the Committee, Mr. J. C. Irwin,

the Vice-Chairman, will present the Committee's report.

(For Report, see pp. 489-514.)

The President :—The report of the Committee on Wooden Bridges

and Trestles will be presented by the Chairman, Mr. A. O. Ridgway.

(I'or Report, see pp. 515-552.)

The President:—The report of the Committee on Yards and Termi-

nals will be presented by the Chairman, Mr. J. R. W. Ambrose.

(For Report, see pp. 657-771.)
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The President :—The Track Committee will now present its report

The Vice-Chairman, Mr. J. V. Neubert, in the absence of the Chairman,

will make the preliminary statement.

(For Report, see pp. 553-574.)

AFTERNOON SESSION

The President :—The Committee on Signs, Fences and Crossings will

present its report through Air. T. E. Rust, the Chairman.

(For Report, see pp. 575-611.) "^

The President :—The Committee on Rail will please come lo the plat-

form. The report on Rail will be found in Bulletin 273, page 613. Mr.

G. L. Moore, Chairman, will present the report.

(For Report, see pp. 613-655.)

(Past-President C. A. Morse in the Chair.)

Past-President Morse:—Will the Committee on Economics of Rail-

way Labor come to the platform? Mr. C. C. Cook will present the report.

(For Report, see pp. 929-1008.)

(President Ray resumed the Chair.)

The President :—The report of the Committee on Records and Ac-

counts will be found in Bulletin 274, page ITi, and will be given by the

Chairman, Mr. H. M. Stout.

(For Report, see pp. 773-858.)

The President:—^^The report of the Committee on Ties will be found

in Bulletin 275, on page 1009, and will be presented by Mr. W. A. Clark,

the Chairman of the Committee.

(For Report, see pp. 1009-1080.)

The President:—This completes the consideration of Committee

reports. The next order is "New Business."

Mr. W. A. Clark (Duluth & Iron Range) :—I wish to offer the follow-

ing resolutions:

Resolved, By the American Railway Engineering Association, in con-

vention assembled, that its thanks are hereby extended to the Honorable

James C. Davis, and Mr. Frank H. Alfred for their excellent addresses

at the Annual Dinner on the evening of March 11th;

To the Chairmen, Vice-Chairmen and members of the several com-

mittees, for their labors during the past year and for the valuable reports

presented to this meeting;

To the Committee on Arrangements for the splendid manner in which

the arrangements for the annual dinner were taken care of

;

To the Technical Press for the many courtesies extended during the

year and during the convention

;
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To the National Railway Appliances Association for the interesting

exhibit of railway devices and appliances used in the construction, opera-

tion and maintenance of railways, and for the courtesies extended to the

officers and members of the Association.

(The resolutions were adopted unanimously.)

Mr. Earl Slimsoii (Baltimore & Ohio):—May I have the pleasure

of proposing the following resolutions?

Resolved, That the members of the American Railway Engineering

Association, in convention assembled, desire to place on record their

hearty appreciation of the capable manner in which this convention has

been presided over by Mr. G. J. Ray, and for the efficient administration

of the affairs of the Association during his occupancy of the Presidential

chair.

Resolved, That this resolution be spread upon the Minutes of the

meeting, and a suitably engrossed copy presented to Mr. Ray.

Past-President Hunter McDonald :—All those in favor say "aye"

;

opposed "no." It is carried unanimously. (Applause.)

President Ray :—Thank you, gentlemen.

If there is no further new business, the Secretary will announce the

result of the election of new officers.

Secretary Fritch :—The officers elected are :

President—J. M. R. Fairbairn.

First Vice-President—C. F. W. Felt.

Second Vice-President—D. J. Brumley.

Treasurer—Geo. H. Bremner.

Secretary—E. H. Fritch.

Directors

:

G. D. Brooke.

W. H. Kirkbride.

C. E. Johnston.

Nominating Committee

:

W. R. Armstrong.

T. T. Irving.

H. E. Hale.

A. F. Dorley.

A. Montzhcimer.

President Ray:—The Chair will at this time appoint Mr. Morse and

Mr. McDonald to escort the new President to the Chair.

(President-Elect F'airbairn was escorted to the Chair by Mr. Morse

and Mr. McDonald.)

President Ray :—Fellow-Members of the American Railway Engineer-

ing Association: Before handing this gavel over to the President-elect, I

wish to heartily thank you all for the cooperation that the Past- President

has had during this year in handling the work of the Association. You
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have made it easy indeed. In handing this gavel over to Mr. Fairbairn, I

am sure that v^e are all agreed that the affairs of the Association v^fill be

in safe hands during the coming year. (Applause.)

(President-elect Fairbairn took the Chair.)

President Fairbairn:—Mr. Ray and Fellow-Members of the American

Railway Engineering Association : I wish to express my very keen ap-

preciation of the high honor that you have done me in electing me as

your President.

On entering the duties of the Presidency, I think one might naturally

be allowed some misgivings as to the future. But when I look over the

personnel of our officers and our Board of Direction, I find that it is im-

possible to look to the future with anything but the most supreme con-

fidence that this Association will follow the line of successful achievement

and prosperity which has been so characteristic of its history in the past.

If there is no other business, gentlemen, I will declare the twenty-

sixth annual convention adjourned.

The twenty-seventh annual convention of the American Raikvay

Engineering Association will he held at the Congress Hotel, Chicago,

March 9, 10 atid 11, 1926.

-^ ,^V^ CT^^^^Z^.,^-
Secretary.
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REPORT OF COMMITTEE XVII-

PRESERVATION
-WOOD

S. D. Cooper, Chairman

;

R. S. Belcher,
E. H. Bowser,

J. R. W. Davis,

J. E. Fanning,
C. F. Fori),

R. H. Howard,
J. F. PiNSON,

J. B. McClain,
Frank Ringer,
O. C. Stein MAYER,

J. W. Williams,

F. C. Shepherd, Vice-Chairman;
H. C. Bell,
Z. M. Briggs,

G. F. Eberly,
H. J. Force,
Andrew Gibson,

J. E. Johnson,
W. H. KiRKBRIDE,
B. H. Prater,
Dr. Hermann von Schrenk,

J. H. Waterman,

Commitiec.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

1. Revision of Manual. (Appendix A)

2. Service Test Records. (Appendix B)

3. Treatment with a Mixture of Creosote and

Petroleum. (Appendix C)

4. Treatment with a Mixture of Chloride of

Zinc and Petroleum. (Appendix D)

5. Marine Piling Research. (Appendix E)

6. The Effect of Preservative on the Inflam-

mability of Woods. (Appendix F)

The Sub-Committee on the Preservative Treatment for Signal Trunk-

ing and Capping, and the Sub-Committee for the Treatment of Douglas

Fir have been continued for another year, and will have a report to

present next year for adoption.

A joint committee with the Signal Section has just been appointed

to act with the Sub-Committee on the Preservative Treatment for Signal

Trunking and Capping, the object being to form a specification to be

adopted next year which will be satisfactory to all concerned.

Action Recommended

Your Committee recommends that Appendix A—Revision of the

Manual, be approved.

Your Committee recommends that Appendices A, B, C, D, E and F
be accepted as information.

Bulletin 270, October, 1924.
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Recommendations for Future Work

1. Revision of the Manual.

2. Treatment of Douglas Fir.

3. Service Test Records.

4. Marine Piling Investigation.

5. Preservative Treatment for Signal Trunking and Capping.

6. Treatment with Creosote and Petroleum.

7. Treatment with Zinc Chloride and Petroleum.

8. Outline of work for ensuing year.

Respectfully submitted,

The Committee on Wood Preservation,

S. D. Cooper, Chairman.



Appendix A

REVISION OF THE MANUAL

Dr. Hermann von Schrenk, Chairman, Sub-Committee ; R. S. Belcher,

H. J. Force, C. F. Ford, O. C. Steinmayer.

Float Test of Residue

Referring to the present standard float test, as it appears on pages

832 to 834 in the Manual of 1921, work done by your Committee in

co-operation with a committee of the A.S.T.M. and a committee of the

A.W.P.A. has resulted in perfecting the apparatus and method for con-

ducting the test. The following specification is submitted with the

recommendation that it be adopted as recommended practice to take the

place of the standard float test now in the Manual. This method has

been approved by Committee D-7 of the A.S.T.M. and also the Preserva-

tive Committee of the A.W.P.A.

FLOAT TEST OF RESIDUE

The residue remaining in the retort after the distillation on test shall

remain until it reaches a temperature between 100 and 125° C. The con-

sistency of the residue shall then be determined as follows :*

(I) Apparatus

Float

1. The float shall be made of aluminum alloy and shall be in accord-

ance with the following requirements

:

Minimum Normal Maximum
Weight of float, g 37.70 37.90 38.10

Total height of float, mm 34.0 35.0 36.0

Height of rim above lower side of
shoulder, mm 26.5 27.0 27.5

Thickness of shoulder, mm 1.3 1.4 1.5

Diameter of opening, mm 11.0 11.1 11.2

Height of rim above water with load

of 5.5 g., mm 7.0 8.5 10.0

Collar.

2. The collar shall be made of brass and shall be in accordance with

the following requirements:

Minimum Normal Maximum
Weight of collar, g 9.6 9.8 10.0

Over-all height of collar, mm 22.3 22.5 22.7

Inside diameter at bottom, mm 12.72 12.82 12.92

Inside diameter at top, mm 9.65 9.70 9.75

The top of the collar shall screw up tightly against the lower side of

the shoulder.

•This is the Tentative Method of Float Test for Bituminous Materials (Serial
Designation D-139-24T) of the American Society for Testing Materials.
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Thermometer

3. The thermometer shall conform to the following specification

:

Type: Etched stem, glass.

Liquid: Mercury.
Range and Subdivision: —2 to +80° C. in 0.2° C.

Total Length: 378 to 384 mm. (14.88 to 15.12 in.)

Stem: Plain front, enamel back, suitable thermometer tubing. Diameter,
6.0 to 7.0 mm. (0.24 to 0.28 in.)

Bulb: Corning normal or equally suitable thermometric glass. Length,
9 to 14 mm. (0.35 to 0.55 in.) Diameter, 4.5 to 5.5 mm. (0.18 to

0.22 in.)

Distance to 0°C. Line from Bottom of Bulb: 75 to 90 mm. (2.95 to

3.54 in.)

Distance to 80° C. Line from Top of Thermometer: 30 to 45 mm. (1.18

to 1.77 in.)

Expansion Chamber: To permit heating the thermometer at least 50°C.
above highest temperature on scale.

Filling above Mercury: Nitrogen gas.

Top Finish: Glass ring.

Graduation: All lines, figures, and letters clear cut and distinct. Each
whole degree Centigrade line to be longer than the remaining lines.

Graduations to be numbered at each multiple of 2°C.
Immersion: Total.

Special Marking: "A.S.T.M. Low S.P.," a serial number and the manu-
facturer's name or trade mark shall be etched on the thermometer.

Scale Error: The error at any point of the scale when the thermometer
is standardized as provided below, shall not exceed 0.2° C.

Standardization: The thermometer shall be standardized immersed in

the testing bath to the top of the mercury column, at the ice point and
at temperature intervals of approximately 20° C.

Case: The thermometer shall be supplied in a suitable case on which
shall appear the marking: "A.S.T.M. Low S.P., to 80°C."
Note—For the purpose of interpreting these specifications the fol-

lowing definitions apply

:

The total length is the over-all length of the finished instrument.
The diameter is that measured with a ring gage.
The length of the bulb is the distance from the bottom of the bulb

to the beginning of the enamel backing.
4. The minimum diameter of the bath shall be twice the diameter

Bath

4. The minimum diameter of the bath shall be twice the diameter
of the float; the minimum depth of water shall be equal to the diameter
of the bath.

(II) Preparation of Sample

Preparation, of Sample

5. The sample shall be completely melted at the lowest possible tem-
perature, heating only sufficiently to bring the product into a fluid condi-
tion but not above 350° F., and stirred thoroughly until it is homogeneous
and free from air bubbles.

The brass collar shall be placed with the smaller end on a brass plate

which has been previously amalgamated with mercury by first rubbing
it with a dilute solution of mercuric chloride or nitrate and then with
mercury. The sample shall be poured into the collar in any convenient
way until slightly more than level with the top.



Wood Preservation 69

Tar Products

6. Tar products shall be poured at a temperature of 100 to 125°C.
and immediately immersed in ice water maintained at S'C. for 5 minutes,
after which the surplus material shall be removed by means of a spatula

or steel knife, which has been slightly heated. The collar and plate

shall then be placed in a tin cup containing ice water maintained at
5° C. ± 1° C, and left in this bath for at least IS minutes.

(Ill) Procedure
Procedure

7. (a) The bath shall be filled with water and the water heated to

the temperature at which the test is to be made. This temperature shall

be accurately maintained and shall at no time throughout the test be

allowed to vary more than 0.5°C. from the temperature specified.

(b) After the material to be tested has been kept in the ice water
for not less than 15 minutes nor more than 30 minutes, the collar with
its contents shall be removed from the plate and screwed into the alumi-
num float and immersed in water at 5°C. for one minute. Any water
shall then be removed from the inside of the float and the latter imme-
diately floated in the warm bath. As the plug of material becomes warm
and fluid, it is forced upward and out of the collar until the water gains

entrance into the saucer and causes it to sink.

(c) The time in seconds between placing the apparatus on the water
and when the water breaks through the material shall be determined by
means of a stop watch, and shall be taken as a measure of the con-
sistency of the material under examination.

Note.—Special precaution shall be taken to insure the collar fitting

tightly into the float and to see that there is no seepage of water between
the collar and float during the test.

Note.—Care must be taken at the end of the distillation test to see

that the vapor temperature as indicated on the thermometer, does not
rise'above 355°C. ; an excess temperature of only 1 or 2°C. at this point

makes the float test invalid.

Standard Specifications for Thermometer Used in Creosote Distillation

For several years, investigations initiated by the Committee on Ther-

mometers of the American Society for Testing Materials (D-15) have

been conducted with the viewpoint of developing a standard thermometer

to be used in analytical work involving high temperature readings. A
tentative specification for such a high distillation thermometer was pre-

sented by the A.S.T.M. committee at the 1924 meeting. This specification

has received the tentative approval of Committee D-7 on Timber of the

A.S.T.M. and the Preservative Committee of the American Wood Pre-

servers' Association. In view of the fact that the proposed standard

thermometer is of higher grade than the one at present specified in the

Manual, also that it will be more readily available and at lower cost,

your Committee recommends that this specification be adopted as standard,

taking the place of the present description for thermometers as it appears

on the bottom of page 829 to the middle of page 830 in the Manual

of 1921.
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SPECIFICATION FOR THERMOMETER
to 400° C.

1. These specifications cover a total-immersion thermometer grad-

uated in Centigrade degrees as specified, the range being to 400° C.

2. The purpose of these specifications is to provide a thermometer

for distillation tests within these ranges.

3. The thermometer shall conform to the following requirements:

Type: Etched stem, glass.

Liquid: Mercury.
Range and Subdivision: to 400°C. in 1°C.

Total Length: 378 to 384 mm. (14.88 to 15.12 in.)

Stem: Plain front, enamel back, suitable thermometer tubing. Diameter,
6.0 to 7.0 mm. (0.24 to 0.28 in.)

Bulb: Corning normal or equally suitable thermometric glass. Length,
10 to 15 mm. (0.39 to 0.59 in.) Diameter, 5.0 to 6.0 mm. (0.20 to

0.24 in.)

Distance to 0°C. Line from Bottom of Bulb: 25 to 35 mm. (0.98 to

1.38 in.)

Distance to 400° C. Line from Top of Thermometer: 30 to 45 mm. (1.18

to 1.77 in.)

Filling above Mercury: Nitrogen gas.

Top Finish: Glass ring.

Graduation: All lines, figures, and letters clear cut and distinct. The
first and each succeeding 5°C. line to be longer than the remaining
lines. Graduations to be numbered at each multiple of 10°C.

Immersion: Total.

Special Marking: "A.S.T.M. High Distillation," a serial number and the

manufacturer's name or trade mark shall be etched on the stem.

Scale Error: The error at any point of the scale up to 370°C. when the

thermometer is standardized, as provided below, shall not exceed 1°C.
Standardization: The thermometers shall be standardized immersed in

the testing bath to the top of the mercury column, at the ice point

and at temperature intervals of approximately 50°C. up to 370°C.
Test for Permanency of Range: After being .subjected to a temperature

between 360 and 370° C. for 24 hours, the accuracy shall be within
the limit specified.

Case: The thermometer shall be supplied in a suitable case on which
shall appear the marking: "A.S.T.M. High Distillation, to 400°C."
Note.—For the purpose of interpreting these specifications the fol-

lowing definitions apply

:

The total length is the over-all length of the finished instrument.
The diameter is that measured with a ring gage.
The length of the bulb is the distance from the bottom of the bulb

to the beginning of the enamel backing.
The top of the thermometer is the top of the finished instrument.

Methods of Analysis of Zinc Chloride

The Association has at the present time no method for determining

the exact strength of zinc chloride. Your Committee herewith presents

such a specification. This method has been worked out by your Com-
mittee in co-operation with similar Committees of the A.S.T.M. and the

A.W.P.A., and was presented as a tentative standard under the serial

designation D-24 T, at the last meeting of the A.S.T.M. The specification

is presented with the recommendation that it be adopted as standard.
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METHODS OF CHEMICAL ANALYSIS OF ZINC CHLORIDE

These methods cover the determination of the percentages of insoluble

basic zinc chloride, zinc chloride, and iron present in commercial concen-

trated solutions of zinc chloride or in fused or granulated zinc chloride,

for use in the preservative treatment of wood.

Preparation and Standardization of Solutions

Standard Ferrocyanide Solution.—Weigh out 43.25 g. of c.p. potas-

sium ferrocyanide and 14 g. of c.p. crystallized sodium sulphite, dissolve

in water and make up to 1 liter at room temperature. Shake thoroughly.

Standardize against a zinc solution of known concentration prepared from
spelter of known zinc content or from c.p. zinc oxide which has been
previously ignited. One cubic centimeter of this solution will be equal

to approximately 0.01 g. of zinc. The standardization should be carried,

out as nearly as possible in the same manner as in the estimation of

zinc and approximately the same amount of zinc should be present. Keep
the solution in a dark bottle. Shake thoroughly before each using and
standardize each time it is used.

Uranium Acetate Indicator.—Dissolve 4.4 g. of c.p. uranium acetate,

free from sodium, in 100 cc. of hot water and 2 cc. of glacial acetic acid.

Use this as an external indicator on a paraffined plate, making the drops
as nearly 0.05 cc. as possible.

Hydrogen Peroxide.—The usual laboratory reagent is satisfactory, if

fresh.

Hydrogen Sulphide Solution.—The usual laboratory reagent is satis-

factory.

DETERMINATION OF INSOLUBLE OR BASIC ZINC
CHLORIDE

Weigh from 10 to 14 g. of the sample, if fused or granulated, from
a stoppered weighing bottle, or place an equivalent quantity, if a solution,

into a 600-cc. beaker. Add cold water to 400 cc. Stir the contents of

the beaker until solution is complete. Allow to settle over night. Filter

the solution through a 12.5-cm. filter paper which has previously been
washed, dried, and weighed. Receive filtrate in a 1000-cc. graduated
measuring flask. Policeman the beaker, and wash the insoluble matter
in the filter paper until the filtrate measures 1 liter. Dry the filter paper
containing the insoluble matter over night in an oven heated to 100°C.

(212°F.). Cool and weigh between clipped watch glasses. Calculate the

increase in weight of filter paper to a percentage of the original sample.*

Duplicate determinations should check within 1.3 per cent.

DETERMINATION OF ZINC

(a) Volumetric method. (For use when manganese chloride does

not exceed 0.3 per cent.)

The filtrate obtained from the estimation of insoluble basic zinc

chloride and whose volume is exactly 1 liter is shaken and three aliquot

portions of 100 cc. each are taken with an accurate 100-cc. pipette and
transferred into 450-cc. Griffins beakers. Add to each portion 15 g. of

ammonium chloride and 5 cc. of concentrated hydrochloric acid. Dilute

to 350 cc. and heat nearly to boiling. Titrate slowly with vigorous stir-

ring, using a solution of potassium ferrocyanide as the standard reagent

and uranium acetate as an external indicator. The average of the three

aliquot portions should be reported.

*A Gooch crucible may be used in place of the weighed filter paper.
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(b) Volumetric Method. (For use when the manganese chloride

equals or exceeds 0.3 per cent.)

To the aliquot portions taken as described under (a), 1 cc. of
hydrogen peroxide (2 to 3 per cent) and 10 cc. of ammonia (1:1)
shall be added. Stand on steam bath until settled. Filter off the man-
ganese, wash breaker and paper twice with hot water. Dissolve the
precipitate in the smallest amount of hydrochloric acid (1:1) in the

original beaker, heat until all is dissolved ; the volume of the solution

should be about 20 cc. Reprecipitate the manganese with 1 cc. of hy-
drogen peroxide and 10 cc. of ammonia, boil, filter, and wash several

times with hot water. Add the filtrate to that obtained in the first

separation. Add 15 cc. of concentrated hydrochloric acid to the com-
bined filtrate and just neutralize with concentrated ammonia, then add
5 cc. of hydrochloric acid in excess. Dilute to 325 cc. and add 25 cc.

of saturated hydrogen sulphide water to remove any traces of hydrogen
peroxide, heat and titrate as in (a).

(c) Gravimetric Method. (Alternate method, for use when only
a limited amount of work is necessary).

The filtrate obtained from the estimation of insoluble basic zinc

chloride and whose volume is exactly 1 liter is shaken and three aliquot

portions of 200 cc. each are taken with an accurate pipette and trans-

ferred to 450-cc. Griffins breakers. Add to each 4 cc. of concentrated
c.p. sulphuric acid. Evaporate on a steam bath ; then on a steam plate

or hot plate to copious SO3 fumes, to completely eliminate chlorides.

Cool and take up in 100 cc. of hot distilled water. Add 0.5 g. of
aluminum powder. Cover with a watch glass. Heat to boiling and
boil 5 minutes. Filter through an 11-cm. filter paper. Receive the

filtrate in a covered 1000-cc. Griffins beaker. Wash the beaker and
filter thoroughly with hot water until a drop of methyl orange indicator

placed behind the double fold of filter paper shows no acidity. Exactly
neutralize the filtrate with dilute ammonia. Use great care and pre-

cision, and carry the neutralization just to the end point.

Add 10 cc. of 0.1 N sulphuric acid (3 cc. of concentrated c.p. sul-

phuric acid in 1000 cc. of water). Dilute to 650 cc. Cover the beaker,

and bubble a rapid stream of hydrogen sulphide for one-half to one
hour at room temperature.

Settle and filter through a double filter of one 15-cm. and one
11-cm. paper* folded together. Transfer the precipitate to the filter

paper. Thoroughly policeman the beaker until the zinc sulphide is

all removed except a very thin film which clings tenaciously to the

glass at the surface of the liquid. Thoroughly wash the beaker and
precipitate at room temperature with water saturated with hydrogen
sulphide. Repeat washing of filter paper, and precipitate five or six

times. Transfer paper and precipitate to an ignited, cooled, desiccated
and weighed porcelain crucible of suitable capacity (about 25 to 30 cc).
Carefully dry the paper and precipitate and when dry completely burn
off the paper at as low a temperature as possible. When carl)on has
been completely burned out, ignite the resultant oxide of zinc strongly
to as high a temperature as is available, but not higher than can be
attained with a laboratory blast lamp with the aid of gas and air.

Heat for 30 minutes. After strong ignition, cool the crucible, desiccate

and weigh. The increase in weight is zinc oxide. The weight of the

zinc oxide multiplied by the factor 1.6749, multiplied by 100, divided by
the weight of sample in the aliquot portion taken, equals the percentages
of zinc chloride.

The average of the results obtained with the three aliquot portions
analyzed shall be reported. Results should agree within 1.5 per cent.

'Ashless paper should be used.
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ESTIMATION OF IRON AND ALUMINA
Weigh 10 g. of the sample, if fused or granulated, or place an

equivalent quantity, if a solution, into a suitable beaker and dissolve in

100 cc. of water or dilute to 100 cc, if a solution. Add sufficient hydro-
chloric acid to dissolve any basic zinc chloride. Add a slight excess
of bromine water and boil off excess. Neutralize with a weak solution

of sodium carbonate until a permanent precipitate of zinc carbonate is

obtained. Add three drops of glacial acetic acid and 2 g. of sodium
acetate, and boil. Filter and wash. Redissolve the precipitate in the
original beaker with hot hydrochloric acid (1:1). Reprecipitate the
iron and alumina with a slight excess of ammonia, filter and wash
free from chlorine. Ignite in a platinum crucible and weigh as
Fe203+AUOa.

Distillation of Creosote

The standard method of the Association (page 828, Manual of 1921),

prescribes the use of a 250 cc. retort for distilling creosote. This

method was adopted many years ago after an extensive investigation

as to standard practice of uses of creosote in this country and in

Europe. In more recent years, the suggestion has been made from

time to time that a Hempel flask be used instead of the standard

retort. The objections to the retort were that due to the method of

manufacture it was practically impossible to get retorts of standard

uniform size and shape. Due to this variation, it was difficult to get

concordant fractionation of the same creosote when made by different

operators or, in many cases, by the same operator. Distillation by

means of the Hempel flask, on the other hand, gave very mtich more

satisfactory results. The objections to a change from the retort to

the flask were two. In the first place, the percentage of fractions

coming off at the defined temperature limits of the present standard

method differed materially from those obtained by the use of the

Hempel flask at the same temperature points. This made it impossible

to compare analytical results made during the 20 years or longer (be-

cause the retort had been in universal use in England, France, and

Germany, many years prior to its adoption by the A.R.E.A.). In-

terpretation of the relation between composition of creosote and service

rendered of necessity had to take into account the results obtained

from different methods and were the method to be changed so as to

give different results in making analyses, it is obvious that no com-

parisons were possible. The change in the method of distillation in-

evitably meant a change in the specifications for creosote and the pres-

entation of clauses which it would have taken many years to have

become familiar with, particularly as they would have had no relation

to similar clauses of the present standard specification.

A second objection to the Hempel flask was that it increased the

difficulty in the process of distillation with creosote containing any

appreciable amount of water.

For the past two years, at the request of the American Engineering

Standards Committee, considerable thought and attention has been given
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to the question as to whether all distillation tests, whether for creosote,

petroleum, etc., should not be made in one standard apparatus. Without

going into a discussion of the various stages of the investigations, your

Committee presents herewith as information certain modifications which

have been suggested. As a result of these investigations, a flask has

been designed, which to a large extent appears to overcome the objec-

tions above stated for the Hempel flask. Fig. 2 is an outline drawing

of one of these proposed flasks. Distillations made with this proposed

flask and the present standard retort gave practically concurrent results

with the same oils as to per cent fractions distilling between given

points. This proposed flask, furthermore, is used with the standard

apparatus, described for the distillation method and involves no new
method. Distillations of the same creosotes, both by the same operator

and by different operators, gave closer results than with the present

retort. The flasks can be made of absolutely uniform size and shape.

A very considerable amount of work will still have to be done to

determine various details as to angle of slope of off-take tube, length of

same. Your Committee believes, however, that it would be a desirable

thing for those using the creosote distillation method to get some
of these new flasks and try them in comparison with the retort, ad-

vising the Committee during the coming year of results obtained or

criticisms.

22 nn;
I. D.r

OIAM. 12i^min Outside Oianeter

WALL O.B mm

Fig. 2

I. D.= Inside Diameter. O. D.= Outside Diameter.

1. Outlet of the side neck must be in same plane with the bottom
of the flask when the vertical axis of the flask is perpendicular.

2. Angle of the side neck of the flask must be between 72° and 74°.

3. The only tolerance referred to in this preliminary drawing deals
with the angle between the perpendicular axis of the flask and the side
tube. Other tolerances will have to be developed, due to the fact that

a piece of apparatus made of glass can never be exactly duplicated. These
other tolerances are now being developed by Committee D-7 of the

A.S.T.M.
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SERVICE TEST RECORDS

C. F. Ford, Chairman, Sub-Committee ; E. H. Bowser, Z. M. Briggs,

G. F. Eberly, J. E. Fanning, Andrew Gibson, R. H. Howard, J. E.

Johnson, J. F. Pinson, F. C. Shepherd, Dr. H. von Schrenk, J. H.

Waterman.

Instructions : Continue report on test records of ties.

SERVICE TEST RECORDS

In conformity with the policy adopted some years ago, the Com-
mittee presents herewith additional completed service records of test

ties. For the sake of ready reference, attention is called to the fact

that a complete tabular statement of test sections was pubHshed by the

Committee in 1917, Vol. 18, pages 1300 to 1435. For additional tables

see volumes as given in the footnote.* In order to avoid printing these

very lengthy tabulations from year to year, the Committee determined

to print each year only such test records as involve 50 ties or more,

and also only those records in which 100 per cent of the test ties had

been removed from the track.

The finished records this year are self-explanatory, and the table

includes all data which the Committee was able to obtain with reference

to all factors which might have contributed to the life of these ties.

Cross-Tie Renewals Per Mile for All Tracks

Attached statement shows tie renewals per mile on various railroads

where treated ties are used extensively, and is presented as information.

FENCE POST TEST—CLEVELAND, TEXAS

Report of Inspections up to and Including May 23, 1924

Early in 1912, one of the members of the present Committee sug-

gested the installation of a test along the Hues of the Santa Fe in

southeast Texas of a series of posts treated with various preservatives.

The difficulty with many test sections in which ties are laid, treated with

various preservatives, is that the ties are frequently destroyed mechan-

ically before the decay protection life of the preservative has been

reached. It was with the viewpoint of establishing a series of pieces

of wood in which the question as to decay protection alone could be

satisfactorily determined that the post idea originated. The original

installation involved a considerable number of processes as well as

chemical compounds, and to the original installations others have been

*See also Vol. 20, p. 961; Vol. 22, p. 447; Vol. 23, p. 904; Vol. 24, p. 947;
Vol. 25, p. 854.
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Table 1—Completed Service Test Records of Ties.

This Table Supplements the Records Published in the 1924 Proceedings of the

A. W. P. A. and A. R. E. A.

Species
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Miles of All Tracks—Cross Tie Renewals Per Mile

Year
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Miles of All Tracks—Cross Tie Renewals Per Mile

Year
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Miles of All Tracks—Cross Tie Renewals Per Mile

Year
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added from time to time. The present report is a summarized state-

ment of inspections which have been made yearly, the last one in

May, 1924.

Each set of posts shown is preceded by a description, the method
of treatment, the kind of treatment given, and results of inspections

to date. The Committee calls particular attention to the completed

tests. Most of the completed tests involved painting as distinguished

from full impregnation. The test is being continued and it is antici-

pated that reports will be made from time to time as to future de-

velopments.

The complete report follows herewith.

The following tests were reported closed at the 1920 inspection,

all of the posts being rotten

:

Posts, Untreated—Control posts.

Posts, Painted with German creosote.

Posts, Painted with Barrett creosote.

Posts, Painted with Lyster Wood creosote.

Posts, Painted with Locustine.
Posts, Painted with one coat of R.I.W. No. 1139.

Posts, Treated with 5 per cent Antinonnin Solution, hot and
cold bath, open tank.

Posts, Treated with 0.12 per cent Antinonnin Solution, hot and
cold bath.

Posts, Treated with 0.25 per cent Antinonnin Solution, hot and
cold bath.

Posts Treated with .5 Per Cent Antinonnin Solution,

Posts Nos. 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,

111, 112.

These posts were treated in the following manner

:

.5 per cent Antinonnin solution, hot and cold bath. Started heating
at 1 :15 p. m. September 25, 1913, temperature 203° F., stopped heating
4:05 p. m. September 25, 1913. In vat all night. Solution made in

proportion of 1880 grams Antinonnin in 50 gallons of water, equal parts

of this solution and water used.

Specific gravity at 75° F 1.0042

Cubic feet in each post 1.37

Lb. Antinonnin solution in posts per cu. ft 11.17

Posts were inserted in the right-of-way at Cleveland, Texas, Oc-
tober, 1913.

Inspection made December 6, 1916, showed them very badly de-

cayed at the ground line.

Inspection made November 19, 1919, showed all posts out but

Nos. 100 and 112. These both rotten.

Inspection made November 19, 1920, showed all posts out.

Test considered closed.

Posts Treated with 2 Per Cent Sodium Silico Fluoride Solution.

Posts Nos, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124.

125, 126.

Posts were treated in the following manner

:

2 per cent Sodium Silico Fluoride solution, open tank, hot and cold

bath. Started heating at 3:15 p. m. September 23, 1913, stopped heating
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at 5:15 p. m. September 23, 1913, in bath all night. C. P. salt used.

Specific gravity at 75° F 1.008

Cubic feet in each post 1.37

Lb. solution in posts per cu. ft 9.46

Posts were placed in right-of-way at Cleveland, Texas, October,
1913.

Inspection made Decem_ber 6, 1916, showed them in following condi-
tion: Posts 113, 114 and 126 slightly decayed, the remainder in good
condition.

Inspection made November 19, 1919, showed them all beginning to rot.

Inspection made November 19, 1920, showed all posts sap rotted at

ground line.

Photo No. 12

Inspection December 17, 1921, showed all posts sap rotted at ground
line, but heart holding.

Inspection May 23, 1924, showed post No. 120 had broken off at

ground line, remainder of the posts considerably decayed at ground line

but heart still holding. (See Photo No. 12.) All posts shown above
ground line.

Posts Treated with 0.25 Per Cent Antinonnin Solution.

Posts Nos. 127, 128, 129, 130 and 131.

These posts were treated in the following manner:

Twenty-five hundredths per cent Antinonnin solution, hot and cold

bath, open tank. Started heating at 8 ;45 a. m., September 24, 1913, stopped
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heating 5:15 p. m., September 24, 1913. Solution made by using equal parts

0.5 per cent Antinonnin solution and water.

Specific gravity at 75° F 1.0035

Cubic feet in each post 1.37

Average lb. solution per cu. ft 14.39

Posts were placed in right-of-way at Cleveland, Texas, October, 1913.

Inspection made December 6, 1916, showed all posts slightly decayed
at ground line, except post No. 131, which was in good condition.

Inspection made November 19, 1919, shows posts Nos. 130 and 131 out

and other posts rotted at ground line.

Inspection made November 19, 1920, showed posts Nos. 130 and 131

out and other posts rotted at ground line, heart still holding up.

Inspection made December 17, 1921, showed practically the same con-
dition as 1920.

Inspection made May 23, 1924, showed posts Nos. 129, 130 and 131

out; No. 127 lying on the ground and 128 standing. Both 128 and 128

badly decayed at ground line, but sound above. (See Photo No. 8.)

Posts Treated with 0.25 Per Cent Antinonnin Solution.

Posts Nos. 132, 133, 134, 135, 136, 137 and 138.

Posts were treated in the following manner

:

Twenty-five hundredths per ceat. Antinonnin solution, open tank, hot
and cold bath. Started heating 8:45 a. m., September 24, 1913, stopped
heating 5:15 p. m. same date. Solution made by using equal parts 0.5

per cent, solution and water.

Specific gravity at 75° F 1.0035

Average cu. ft. in each post 1.37

Average lb. solution absorbed cu. ft 14.39

Posts were inserted in right-of-way at Cleveland, Texas, October,
1913.

Inspection made December 6, 1916, showed posts decayed at ground
line.

Inspection made November 19, 1919, showed posts 132, 133 and 134
out, the four remaining posts rotten at the ground line.

Inspection made November 19, 1920, showed posts 135, 136, 137 and
138 still in, but very rotten at ground line.

Inspection made December 17, 1921, showed posts all out, and test

completed.

Posts Treated with One Per Cent Silico Fluoride.

Posts Nos. 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,

and 151.

Posts treated as follows

:

One per cent Sodium Silico Fluoride solution, open tank, hot and cold
bath. Started heating at 9:20 a. m., September 24, 1913, stopped heating at

5 :30 p. m. same date, in bath all night. Solution made by using equal
parts 2 per cent solution and water.

Specific gravity at 75° F 1.008

Average cu. ft. in each post 1.37

Average lb. solution per cu. ft 21.03

Posts were placed in right-of-way at Cleveland, Texas, October, 1913.

Inspection made December 6, 1916, showed them in good condition
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with exception of post No. 151, which was slightly decayed at the ground
line.

Inspection made November 19, 1919, showed them all somewhat soft .

at ground line, and apparently beginning to decay.

Inspection made November 19, 1920, showed all posts soft at ground
line, to a depth of one-half in. to three-fourths in.

Inspection made December 17, 1921, showed practically same condition

as 1920.
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Inspection made May 23, 1924, showed posts still in practically the

same condition as 1920 and 1921. (See Photo No. 3.)

Posts Treated with German Creosote, Rueping Process.

Posts Xos. 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163,

164, 165, 166, 167, 168, 169, 170, 171, 172, and 173.

Posts were treated in the following manner

:

German creosote, Rueping process. Air pressure 85 lb., up in 25

minutes. Creosote pressure 175 lb., pressure raised in a period of one
hour and thirty minutes. Pressure held 15 minutes. \'acuum held one

hour and thirty minutes, maximum 27 inches.

Average cu. ft. per post 1.37

Average absorption creosote per cu. ft 5.001b.

Posts were placed in right-of-way at Cleveland, Texas, October, 1913.

Inspection made December 16, 1916, showed all posts to be in excel-

lent conditions.

Photo Xo. 3

Inspection made N()vcml)cr 19, 1919, showed all posts to be in excel-

lent condition.

Inspection made November 19, 1920, showed all posts to be in excel-

lent condition.

Inspection made December 17, 1921, showed all posts to be in excel-

lent condition.

Inspection made May 23, 1924, showed all posts to be in excellent

condition. (See Photo No. 13.)
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Posts Treated with German Creosote, Full-Cell Process.

Posts Nos. 174, 175, 176, 177, 178, 179, -180, 181, 182, 183, 184, 185,

186, 187, 188 189, and 190.

These posts were treated in the following manner

:

German creosote, full-cell process. Vacuum one hour, maximum 27

in. Creosote introduced without breaking the vacuum, and creosote pres-

sure pumped up in one hour and thirty minutes to 175 lb. ; held creosote

pressure two hours.

Final vacuum one hour, maximum inches 27
Average cu. ft. per post 1.37

Average lb. per cu. ft. absorption 34.52

Posts were placed in right-of-way at Cleveland, Texas, October, 1913.

Photo No. 13

Inspection made December 16, 1916, showed them to be in excellent

condition.
Inspection made November 19, 1919, showed them to be in excellent

condition.
Inspection made November 19, 1920, showed them to be in excellent

condition.
Inspection made December 17, 1921, showed them to be in excellent

condition.
Inspection made May 23, 1924, showed them to be in excellent

condition. (See Photo No. 4.)

Posts Painted with Lyster Wood Creosote.

Posts Nos. 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202,

203, 204, and 205.
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Posts were inserted in right-of-way at Cleveland, Texas, October, 1913.

Inspection made December 6, 1916, showed them very badly decayed
at ground line, and some of the posts showed fungi above ground.

Inspection made November 19, 1919, showed all posts out with the

exception of posts Nos. 193 and 194, and these very rotten at the ground
line, and covered with fungi above ground.

Inspection made November 19, 1920, showed only one post still

standing, No. 193, and it very rotten at the ground line, and showing
considerable fungi above ground.

Inspection made December 17, 1921, showed all posts out, -and test

concluded.

PnoTo No. 4

Posts Painted with One Coat R. I. W. No. 1138 and Second Coat of
R. I. W. No. 49.

Posts Nos. 206, 207, and 208.

Posts inserted in right-of-way at Cleveland, Texas, October, 1913.

Inspection made December 6, 1916, showed posts Nos. 207 and 208
badly decayed at the ground line. Post No. 206 slightly decayed at

ground line.

Inspection made November 19, 1919, showed all posts out. Two
of the posts which were lying on the ground showed not only rotted off

at the ground line, but tops badly decayed as well.

Test concluded.

Posts Treated with 4.5 Per Cent Zinc Chloride Solution.

Posts Nos. 209, 210, 214, 212, 213, 214, 215, 216, 217, 218, and 219.

These posts were treated in the following manner:
Four and five-tenths per cent zinc chloride solution, open tank, hot

and cold bath. Started heating at 11:45 a. m., September 25, 1913, stopped
heating 5 :45 p. m. same date, in bath all night.
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Average cu. ft. per post 1.27

Average lb. dry zinc chloride per cu. ft 1.28

Posts were inserted in right-of-way at Cleveland, Texas, October, 1913..

Inspection made December 6, 1916, showed all posts in excellent
condition.

Inspection made November 19, 1919, showed all posts in excellent
condition.

Inspection made November 19, 1920, showed all posts in excellent
condition.

Inspection made December 17, 1921, showed all posts in excellent
condition.

Inspection made May 23, 1924, showed all posls in excellent condition.
(See Photo No. 1.)

riiuTo X(_i. 1

Posts Treated with .12 Per Cent Antinonnin Solution.

Posts Nos. 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,

and 232.

These posts were given the following treatment

:

Twelve hundredths per cent Antinonnin solution, open tank, hot and
cold bath. Started heating at 11:45 a. m., September 25, 1913, stopped
heating 5 :4S p. m. same date. In bath all night. Solution made by using
equal parts .25 per cent solution and water.

Specific gravity solution at 75° F if 1.0028

Average cu. ft. in each post 1.37

Average lb. solution absorbed per cu. ft 24.59

Posts were inserted in right-of-way at Cleveland, Texas, October, 1913.
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Inspection made December 6, "1916, showed all posts considerably
decaj-ed at ground line but still standing.

Inspection made November 19, 1919, shnwed all posts considerably
decayed at ground line but all standing.

Inspection made November 19, 1920, showed all posts badly decayed
at ground line but still standing.

Inspection made December 17, 1921, showed sap at ground line very
rotten, but heartwood holding them up.

Inspection made May 23, 1924, showed posts Nos. 221 and 222 still

standing, all others down, rotted off at the ground line, wood ai)ove

ground line fairly sound. (Sec Photo No. 5.)

Posts Painted with German Creosote.

Posts Nos. 233, 234, 235, 236, IVl , 238, 239, 240, 241. 242, 243, 244,

245. 246, and 247.

These posts were painted with German creosote, and were inserted

in right-of-way at Cleveland, Texas, October, 1913.

Inspection made December 6, 1916, showed all of these posts badly
decayed at the ground line.

Inspection made November 19, 1919, showed all posts out, with the

exception of posts Nos. 239 and 246, both of these being practically

rotted off at the ground line, and showing fungi above ground.

Inspection made November 19, 1920, showed all posts out, and test

concluded.
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Untreated Control Posts.

Posts Nos. 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260,

261, and 262.

These posts were used as control posts, and were not given any
treatment. They were inserted in the right-of-way at Cleveland, Texas,
October, 1913.

Inspection made December 6, 1916, showed them badly decayed at

the ground line, and showing some fungi on the posts above ground.

Inspection made November 19, 1919, showed all posts out.

Posts Painted with Locustine.

Posts Nos. 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275,

276, 277, and 278.

These posts were placed in right-of-way at Cleveland, Texas, October,
1913.

Photo No. 2
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Inspection made December 6, 1916, showed all posts badly decayed
at ground line.

Inspection made November 19, 1919, showed all posts out with the

exception of post No. 264, practically rotted off at ground line and about
to fall down. Top of post also showed much deca}'.

Inspection made November 19, 1920, showed all posts out. Test
concluded.

Posts Painted with Reeves Wood Preserver.

Posts 279, 280, 281, 282, 283, and 284.

Posts inserted in right-of-way at Cleveland, Texas, October, 1913.

Inspection made December 6, 1916, showed them all in good condition.

Inspection made November 19, 1919, showed all posts in good condi-
tion with the exception of post No. 284, which showed fungus growth
above ground.

Inspection made November 19, 1920, showed posts 279, 280, 281 and
283 in good condition. Posts 282 and 284 showed some fungus growth
above ground, and post 284 beginning to get soft at the ground line.

Inspection made December 17, 1921, showed practically the same
condition as 1920.

Inspection made May 23, 1924, showed all posts practically in same
condition as 1920 and 1921, with exception of post 284 which was badly
decayed as shown in Photo No. 2.

Posts Painted with Barrett's Creosote.

Posts Nos. 285, 286, 287, 289, and 290.

Posts inserted in right-of-way at Cleveland, Texas, October, 1913.

Inspection made December 6, 1916, showed posts decaying at ground
line.

Inspection made November 19, 1919, showed all posts had rotted off

at ground line and were down, with the exception of post No. 290, which
was barely standing.

Inspection made November 19, 1920, showed practically same condition
as 1919.

Inspection made December 17, 1921, showed post No. 290 has fallen

over, and test considered complete.

Posts Painted with Carbolineum.

Posts Nos. 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303,

304, and 305.

Posts inserted in right-of-way at Cleveland, Texas, October, 1913.

Inspection made December 6, 1916, showed them to be in the follow-
ing condition

:

Post 291 in good condition. Posts 292, 293, 294, 295, and 296 were
slightly decayed at the ground line. Posts 297, 298, 299 and 300 were in

good condition. Post 301 very badly decayed at ground line, also showed
a good deal of fungi above ground. Post Nos. 302, 303, 304 and 305 were
in good condition.

Inspection made November 19, 1919, showed all posts rotting at the
ground line and three posts down.

Inspection made November 19, 1920, showed posts in following
condition

:

Posts 291, 294, 295, 301 and 302 out.

Posts 292, 293. 296, 297, 298, 299, 300, 303, 304, and 305 rotting at

ground line but still standing.
Inspection made December 17, 1921, showed posts 292, 296, 297, 298,

300, 303, 304 and 305 rotten at ground line but still standing.
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Inspection made May 23, 1924, showed all posts having rotted off

and fallen down with exception of 303, still standing. Sap wood above
ground line decayed. (See Photo No. 6.)

Posts Treated with Two Per Cent Zinc Chloride Solution, Open Tank.

Posts Nos. 306, 307, 308, 309, 310, 311, 312, 313, 314, and 315.

These posts were treated in the following manner

:

Zinc chloride two per cent solution, open tank, hot and cold bath.

Started heating at 1:00 p. m., October 8, 1913, stopped heating 7:00 p. m.
same date. Posts in bath all night.

Average cu. ft. in each post 1.37

Average lb. dry zinc chloride per cu. ft 0.471

Posts were placed in right-of-way at Cleveland, Texas, October, 1913.

Photu Nu. 6

Inspection made December 6, 1916, showed all posts to be in excellent

condition.
Inspection made November 19, 1919, showed all posts to be in excellent

condition.
Inspection made November 19, 1920, showed posts No. 308 somewhat

rotten at ground line. Remainder of posts in good condition.

Inspection made December 17, 1921, showed practically same condition

as 1920.

Inspection made May 23, 1924, showed post No. 308 rotted off at

ground line. Remainder of posts in good condition.
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Photo No. 7

Southern Pine Posts, Treated by Sucher Process.

There were 21 posts Nos. SU-1, 3, 4, 5, 8, 9, 10, 11, 12, 13, 14, 15,

19, 20, 22, 23, 26, 28, 30, 31. 32.

Posts were treated in open tanks, pine tar was emptied into tank and
heated to 80° C. (176° F.) after which one gallon of alkaline liquid (fur-

nished by the Sucher Wood Process Co., Wallingford, Conn.) was added
for each 50 gallons of pine tar. Posts then placed in the liquid and eight

lb. of sodium carbonate dissolved in an equal quantity of hot water was
added for each 50 gallons of liquid and the mixture well agitated. Tem-
perature during treatment was maintained between 80° C. (166° F.) and
90° C. (194° F.). Time of treatment 24 hours.

Penetration of the preservative was very poor, being scarcely more on
the outside than within the checks of the posts. Posts very sticky after

treatment and for sometime thereafter.

Absorption of the liquid per cubic foot was as follows

:

SU- 1 2.84

SU- 4 5.36

SU- 8 5.45

SU-10 4.76

SU-12 2.11

SU-14 4.96

SU-19 1.75

SU-22 4.47

SU-26 3.98

SU-30 125

SU- 3 3.73

SU- 5 2.44

SU- 9 3.62

SU-11 2.11

SU-13 1.43

SU-15 1.79

SU-20 3.98

SU-23 1.64

SU-28 2.73

SU-31 1.64

SU-32 4.48

Posts were placed in the right-of-way at Cleveland, Texas, July, 1922.

Inspection made May 23, 1924, showed all posts in excellent condition.

(See Photo 1-A.)

k
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Rocky Mountain Type, Douglas Fir Posts (New Mexico Red Spruce)

Treated with Five Pounds of Creosote, Rueping Process.

There were 25 of these posts inserted, all of them marked 5.18 on a
copper tag.

The posts were treated at Albuquerque, New Mexico, February 2nd,
1921, as follows

:

Air pressure 60 lb. 25 minutes.
Transferring creosote 10 minutes.
Oil pressure up to 200 lb. one hour 30 minutes.
Two hundred lb. pressure held 30 minutes.
Forcing back 30 minutes.
Final vacuum one hour 30 minutes.
Dropping oil 10 minutes.
Total time four hours forty-five minutes.
Net retention per cu. ft. 5.18 lb.

Posts placed in right-of-way at Cleveland, Texas, March 23, 1922.

Inspection May 23, 1924, shows all these posts in excellent condition.
(See Photo 2-A.)

Rocky Mountain Type, Douglas Fir Posts (New Mexico Red Spruce)

Treated with One Pound Zinc Chloride per Cu. Ft.

There were four posts all marked .975 on copper tags.

The posts were treated in the following manner

:

Steam, 20 lb. pressure, three hours.
Blow back 30 minutes.
Vacuum 30 minutes.
Introducing 10 minutes.
Cylinder pressure 175 lb. maximum up in one hour 30 minutes.
One hundred seventy-five lb. held three hours.
Forcing back 30 minutes.
Total time nine hours ten minutes.

Volumetric absorption 29.96 lb. dry zinc chloride per cu. ft. .975.
' Posts were placed in right-of-way at Cleveland, Texas, March

23, 1922.

Inspection made May 23, 1924, showed all posts in excellent condi-
tion. (See Photo 3-A.)

Rocky Mountain Type, Douglas Fir Posts (New Mexico Red Spruce)

Treated with One-Half Pound Zinc Chloride,

There were seven posts, all marked .47 on copper tags.

The posts were treated in the following manner

:

Steam, 20 lb. pressure, one hour 30 minutes.
Blow back 30 minutes.
Vacuum 30 minutes.
Introducing zinc chloride solution ten minutes.
Cylinder pressure maximum 175 lb. up in one hour 30 minutes.
One hundred seventy-five lb. held two hours.
Forcing back 30 minutes.
Total time six hours forty minutes.
Volumetric absorption 24.17 lb. dry zinc chloride per cu. ft.

.470 gain.

Posts were placed in right-of-way at Cleveland, Texas, March 23, 1922.

Inspection made May 23, 1924, showed all posts in excellent condition.
(See Photo 4-A.)
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Photo No. 3-a

Rocky Mountain Type, Douglas Fir Posts (New Mexico Red Spruce)

Treated with 2J^ Lb. Creosote, Rueping Process.

There were 23 of these posts, all marked 2.68 on copper tags.

Posts were treated at Albuquerque, New Mexico, February 2nd, 1921,

as follows:
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Air pressure 90 lb. 25 minutes.
Transferring creosote fifteen minutes.
Creosote pressure maximum 175 lb. up in one hour.
One hundred seventy-five lb. held 30 minutes.
Forcing back 30 minutes.
Final vacuum one hour thirtj- minutes.
Dropping oil ten minutes.
Total time four hours 20 minutes.
Retention of creosote 2.68 lb. per cu. ft.

Posts were placed in right-of-way at Cleveland, Texas, March 23, 1922.

Inspection made May 23, 1924, showed all posts in excellent condition.

(See Photo 5-A.)

Southern Pine Fence Posts, Treated with Copper Sulphate.

Posts numbered CUSO* 1 to 31, inclusive.

These posts were treated in the following manner:

Posts were treated in an open tank, with a solution made up in the
proportion of three lb. copper sulphate and 97 lb. of water solution heated

Photo No. 4-a
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Photo No. 6-a
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from 180° to 200° F. Posts were then placed in solution and the solution

maintained at this temperature for 12 hours, then permitted to cool 12

hours. Posts were then taken from tank and weighed.
Average absorption per post 32.33 lb. solution, equal to 29.36 lb. per

cu. ft. of timber. Absorption dry copper sulphate .9699 lb. per post or
equal to .8868 lb. per cu. ft. of timber.

Posts were placed in right-of-way at Cleveland, Texas, February, 1918.

Inspection made May 23, 1924, showed all posts considerably checked
and indication of separation of annular rings in the sapwood. Posts Nos.
5 and 7 were rotted ofif at the ground line, posts Nos. 3, 6, 8, 9, 12, 19,

20, 28, 29, 31 and 32 decayed below ground line. Posts 4 and 15 vcrv
badly decayed. Posts Nos. 1, 10, 11, 13, 14, 16, 17, 18, 21, 22, 23, 24, 25.

26, 27 and 30 in good condition except checking above noted. (See Photo
6-A.)

Red Oak Fence Posts, Treated with Ferrous Chloride Solution,

Posts numbered FCL-1 to FCL-30, inclusive.

Posts numbered FCL-1 to FCL-10, inclusive, strength of solution

used, six per cent.; average lb. dry ferrous chloride per cu. ft., 1.422.

Posts numbered FCL-11 to FCL-20, inclusive, strength of solution

used, five per cent.; average lb. dry ferrous chloride per cu. ft., 1.261.

Posts numbered FCL-21 to FCL-30, inclusive, strength of solution

used, 2.25 per cent. ; average lb. dry ferrous chloride per cu. ft., .346.

These posts were treated in the following manner

:

Steam, 20 lb. up in one hour.
,

Held two hours.
Blow off 30 minutes.
Vacuum 30 minutes.
Maximum 25 in.

Solution pressure 175 lb. maximum up in one hour 30 miimtes.
One hundred seventy-five lb. held 45 minutes.
Drip 30 minutes.
Temperature solution during treatment 175° F.

Total time of run seven hours ten minutes.

Posts were inserted in the right-of-way at Cleveland, Texas, earlj' in

1918.

Inspection made May 23, 1924, showed all posts badly split and
checked to such an extent that regardless of any preservative value
ferrous chloride might have, the separation of wood fiber caused by the

ferrous chloride is such that it would be difficult to keep staples in the

posts, were they in fence. All these posts are badly decayed at ground
line, a few having rotted to such an extent that they have fallen over.

(See Photo 7-A.)

Southern Pine Fence Posts Treated with Ferrous Chloride Solution.

Strength of solution used and absorption of solution per cu. ft. as

follows

:

Posts Nos. 31-FCL to 40-FCL, inclusive: Strength of solution used,
six per cent. ; average lb. dry ferrous chloride per cu. ft., 2.370.

Posts Nos. 41-FCL to 70-FCL, inclusive: Strength of solution used,
five per cent.; average lb. dry ferrous chloride per cu. ft., 1.938.

Posts Nos. 71-FCL to 100-FCL, inclusive: Strength of solution used,
2.25 per cent. ; average lb. dry ferrous chloride per cu. ft., .8984.

Posts Nos. 191-FCL to 230-FCL, inclusive: Strength of solution used,
1.25 per cent.; average lb. dry ferrous chloride per cu. ft., .479.
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Photo No. 7-a
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Posts were treated in the experimental cylinder at the Somerville
Treating Plant, as follows

:

Steam, 20 lb. up in one hour.
Held two hours.
Blow off 30 minutes.
Vacuum 30 minutes.
Maximum 25 in.

Solution pressure 175 lb. maximum up in one hour 30 minutes.
One hundred seventy-five lb. held 45 minutes.
Drip 30 minutes.
Temperature solution during treatment 175° F.

Total time of run seven hours ten minutes.

Posts were placed in the right-of-way at Cleveland, Texas, early in

1918.

Inspection made May 23. 1924, shows all posts to be badly checked,
separation of the wood fiber evidently being the result of the ferrous
chloride. The extent of this fiber separation is such that were the posts
in actual service, it would be exceedingly difficult to keep fence staples
from pulling out. This feature would prevent ferrous chloride being
used as a preservative, regardless of its effectiveness in preventing decay.

Many of these posts were badly decayed at the ground line, some of
them having rotted to such an extent that they have fallen over. (See
Photo 8-A.)



Appendix C

TREATMENT WITH A MIXTURE OF CREOSOTE AND
PETROLEUM

R. S. Belcher, Chairman, Sub-Committee; H. C. Bell, C. F. Ford, W. H.

Kirkbride, Dr. Hermann von Schrenk, F. C. Shepherd, O. C. Stein-

mayer, J. H. Waterman.

This report is a continuation of report made by the Sub-Committee

last year on the subject "Creosote Mixture with Other Oils," Appendix E,

report of Committee on Wood Preservation.

The study of ties treated with mixtures of creosote and petroleum

has been continued during the year, but there is little to add to the

detailed reports of creosote-petroleum ties given in Appendix E of Com-
mittee's report of last year.

Your Committee again made inspection in May, 1924, of 975 creosote-

petroleum ties in the Cleveland Section of the Beaumont Division of the

Santa Fe. It will be recalled that Cleveland is located in the southeast

part of Texas, in an area of very heavy rainfall and high humidity.

During 1923, 97 inches of rain fell in this locality. The following tables

show condition of ties in this test at the time of inspection ; in brief,

there has been little change in these ties as compared to last year. Omit-

ting the ties treated with mixture of creosote and Ebano petroleum, which

failed in higher percentage than the others, due to lack of proper pene-

tration because of high viscosity, rather than to the preservative itself,

the total number of ties in this test is 815, of which 117, or 14.3 per cent.,

have either been removed from track or are still in track but not entirely

sound, an increase of only 0.2 per cent, as compared with last year's report.

The Committee again inspected during the past year the mixture

treated ties on the Slaton, Pecos, and New Mexico Divisions of the Santa

Fe. There were approximately one million mixture ties treated during

the years 1909 to 1914, inclusive. About 900,000 of those ties were of

sawn western yellow pine timber originating in New Mexico and Arizona.

The remaining 100,000 were of hewn western yellow pine from New
Mexico and hewn red oak from Texas. Some 300,000 of these ties were

treated during the years 1909, 1910, 1911, and were given a treatment of

approximately 12 lb. per cu. ft. of a mixture of 30 per cent creosote and

70 per cent. Bakersfield petroleum. In January, 1912, the treatment was

changed to 7 lb. per cu. ft. of 50 per cent creosote and 50 per cent

Bakersfield petroleum, the treatment being applied by the Rueping Process.

During the years 1912, 1913, and a portion of 1914, some 600,000 of the

sawn western yellow pine ties were given this treatment. The territory

in which these ties are laid has a semi-arid climate, the normal annual

rainfall being 15 to 20 in. Its climate is particularly severe on timber as

regards splitting and brooming. An inspection of these ties, as was noted

102
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last year, shows them practically free from checks, and in splendid con-

dition in every way. These ties are not in test sections, but so far as is

known, none of these mixture ties have been removed on account of

decay.

In 1920, the Northern Pacific adopted the creosote-petroleum treat-

ment as standard practice, and there are now seven railroads using this

preservative, the mixtures varying from 70 per cent creosote and 30

per cent petroleum, to 30 per cent creosote and 70 per cent petroleum.

Conclusions

As a result of study of the creosote-petroleum treatment by your

Committee, the following conclusions have been reached

:

(1) Creosote for mixture with petroleum shall be any of this Asso-

ciation's standard grades of creosote. Creosote-coal tar solution may be

used with certain kinds of petroleum.

(2) (a) The petroleum should be preferably of asphalt base, but a

petroleum of mixed paraffin and asphalt may be used where such a

petroleum is found which mixes with creosote in the required propor-

tions without forming more than one per cent sediment.

(b) The specific gravity of the petroleum is not important.

(c) The minimum flashpoint of the petroleum in closed tester should

be 225° F.

(d) The maximum viscosity of the petroleum should be such that

when mixed with creosote in desired proportion at treating temperature

the mixture will readily penetrate the wood.

(3) The percentage each of creosote and petroleum in the mixture,

and the final retention of mixtures per cubic foot of timber is a matter

best left to the individual railroads, and in making decision as to this,

climate, kind of woods to be treated, method of treatment used, etc.,

should be considered.

(4) Petroleum adds to the life of timber by retarding or prevent-

ing checking and splitting of the wood.

(5) Creosote-petroleum mixture, made up of grades of creosote

and petroleum as indicated in the above, and containing sufficient creosote

to prevent decay of the wood, is an economical and satisfactory preserva-

tive in many regions.

Recommendations

This report is submitted to the Association as information, with the

recommendations

:

(a) That the study of the subject be continued.

(b) That data on the mixture ties which have been studied by your

Committee, this year and last, be prepared from time to time so that in

the end definite comparisons may be made of service which may be
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obtained from ties of this treatment, with ties of the other treatments

now in general use.

(c) That the Committee prepare tentative specifications and methods
of analyses for petroleum suitable for admixture with the standard grades

of creosote and creosote-coal tar solution of this Association.

(d) That the Committee define the limits of viscosity of the creosote-

petroleum mixture in its relation to penetration.

(c) That the Committee submit as information, tables for measur-

ing petroleum.

1 Part Creosote and 2 Parts Beaumont Petroleum
Treated September, 1910—Inserted February, 1912, and

November, 1913

Kind of Tie
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1 Part Creosote and 3 Parts Beaumont Petrolexim

Treated October, 1909—Inserted February and July, 1912

Kind of Tie
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1 Part Creosote and 2 Parts Oklahoma Petroleum

Treated July and August, 1910—Inserted February, 1912, and
November, 1913

Kind of Tie
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1 Part Creosote and 4 Parts Oklahoma Petroleum

Treated June, 1910—Inserted February and July, 1912

Kind of Tie
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1 Part Creosote and 2 Parts EUinor Petroleum

Treated September, 1909—Inserted March, 1923

Kind of Tie



Appendix D

TREATMENT WITH A MIXTURE OF ZINC CHLORIDE AND
PETROLEUM

R. S. Belcher, Chairman, Sub-Committee; H. C. Bell, C. F. Ford, W. H.

Kirkbride, Dr. Hermann von Schrenk, F. C. Shepherd, O. C. Stein-

mayer, J. H. Waterman.

This report is a continuation of report made by the Sub-Committee

last year on the subject "Zinc Petroleum Mixture for Treatment of Ties,"

Appendix F, Report of Committee on Wood Preservation.

The study of ties treated with zinc chloride and petroleum has been

continued during the year. There is little to add in the way of data of

service given by ties so treated.

The zinc chloride-petroleum ties referred to in last year's report were

all treated by the two-movement method; that is, the zinc chloride solu-

tion and the petroleum were applied separately. In some cases the ties

were first treated with zinc chloride solution, then removed from treating

cylinder, placed on the storage yard and seasoned several months, then

treated with the petroleum. In other cases, ties were treated first with

zinc chloride solution which was followed by the petroleum treatment

without removing the ties from the treating cylinder.

During the past year, a process has been developed at the Mellon

Institute of Industrial Research, Pittsburgh, Pa., by means of which zinc

chloride and petroleum is injected into the timber in the form of an emul-

sion composed of zinc chloride solution of 15 to 40 per cent strength

and a mixture of heavy asphaltic base petroleum thinned to desired vis-

cosity by means of gas oil or petroleum distillate. This emulsion is made

by first mixing a zinc chloride solution and petroleum by mechanical stir-

ring apparatus, then passing through a viscolizer which reduces the glo-

bules of zinc chloride solution in the petroleum to a very finely divided

condition. The emulsion is then ready for use in the treating cylinder,

but during the treating process is kept in uniform concentration by slow

circulation in the treating cylinder accomplished by centrifugal pump.

With this emulsion timber can be treated in a manner quite similar

to methods now used for treatment of timber with creosote. The emul-

sion, however, differs radically from emulsions that have been used as

wood preservatives in the past, in that' the zinc chloride solution is dis-

persed as the internal phase in a suitable petroleum medium, while in

former wood preserving emulsions, creosote or other oils were dispersed

as the internal phase in water or in solutions of water soluble salts.

Experimental treatment of ties is being made by this method and

results to date are quite encouraging, the penetration of the emulsion in

the wood being excellent.
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Conclusions

As a result of study of the subject by its members your Committee
has reached the following conclusions

:

(1) The result obtained from zinc chloride-petroleum treated ties

indicate that the addition of petroleum to the zinc chloride will under

most conditions add to the service which is obtainable from the use of

straight zinc chloride only.

(2) There are certain operating difficulties encountered in the ex-

perimental work which have not yet been solved, but experimental work
along this line during the past year, described in this report, has been very

encouraging.

Recommendations

This report is submitted to the Association as information, with the

recommendation that the Committee continue the study of the subject.

Summary of Mixture Treated Ties in Santa Fe Tracks, Cleveland,

Texas, Excluding Ties Treated with Ebano Petroleum

Mixture:
One part creosote with

crude petroleum
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Following ties were treated with zinc chloride, then held about three months and

eated with petroleum. Treatment Burnett followed by Rueping Petroleum:

[ind of tie



'Appendix E

CO-OPERATE WITH THE COMMITTEE ON MARINE PIL-
ING INVESTIGATION OF THE NATIONAL RESEARCH
COUNCIL MARINE PILING RESEARCH.

Dr. Hermann von Schrenk, Chairman, Sub-Committee ; R. S. Belcher,

E. H. Bowser, J. R. W. Davis, Andrew Gibson, J. B. McClain, J. F.

Pinson, F. C. Shepherd.

The Committee on Marine Piling Investigation has only a brief prog-

ress report to submit this year. At the request of the Board of Direction,

this Committee prepared to take over some of the work of the Marine

Piling Committee of the National Research Council when that Committee

went out of existence early this year. Due, however, to delayed negotia-

tions as to transfer of files, it has been impossible for your Committee

to do much active work on this problem other than to maintain super-

vision of some of the tests still outstanding. Attention is called to the

completed report of the National Research Council issued early in 1924,

consisting of a volume of 534 pages, with numerous reports of harbors,

with biological and chemical discussions and a very complete bibliography.

Copies of this report can be obtained by application to the National

Research Council, Washington, D. C. The price is $10 a copy.

The Chemical Warfare Section of the War Department is continuing

its investigations and it is anticipated that in next year's report consider-

able additional information will have been accumulated.

112



i"^ Appendix F

THE EFFECT OF PRESERVATIVES ON THE INFLAM-
MABILITY OF WOOD

E. H. Bowser, Chairman, Sub-Committee; R. S. Belcher, Dr. Hermann
von Schrenk, O. C. Steinmayer, J. H. Waterman.

As timbers become scarcer and prices advance it has become more
desirable to creosote all of the timbers in exposed structures on rail-

roads. For years it has been the standard practice to creosote the

caps, piles, and braces of trestles.

Where the trestles are built with ballasted decks the custom is,

of course, to treat all of the decking, the track between the guard

rails being filled with stone or gravel ballast, giving a good fire pro-

tection, as far as hot coals from the firebox or sparks from the stacks

of locomotives, falling directly on the decks, are concerned.

In only a comparatively small number of cases have the decks

of open-deck trestles been creosoted, and in most such cases fillers

have been placed between the creosoted ties and a light covering of

ballast has been used on the track between the guard rails. In some
cases the stringers and caps have been covered with galvanized iron.

The question as to whether creosoted decks on trestles and

creosoted ties on steel bridges are any more susceptible to being

burnt than if the material used was untreated yellow pine has for

some time past become a debatable question. It is quite true that

freshly creosoted timber is more susceptible to fire than sound un-

treated timber. Freshly creosoted timber, however, need not be

used for all parts of the deck. It is possible to treat the ties and

guard rails on trestles and let them dry before they are put in the

deck, and all of the ties and guard rails used on a steel bridge can

be framed treated and dried after treatment.

The great trouble with trestles built on pile bents is to have the bents

accurately spaced so that the joints of the stringers will break at the cen-

ter of the caps. In manj' cases this is practically impossible and it will

cause too long a wait to give a framing plan for the stringers after the

piles have been driven and capped, and then wait several months to frame,

treat, and dry the stringers.

If galvanized iron covering is used, then the time of waiting for

the stringers would be short, as they could be put in the structure

immediately after treatment, and the delay would be only a few weeks

at most. The drying of treated timbers is accelerated to a great extent by

a vacuum after the timber is treated and this final vacuum has become

almost a universal practice at treating plants.

The main objection to treating all parts of an open-deck trestle with

creosote, or ties and guard rails on steel bridges, has been the fear of fire.
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The fact that theretofore creosoted decks have been protected either

by ballast deck construction with ordinary track ties imbedded in the

ballast or with a small amount of ballast being applied for the sole pur-

pose of fire protection, and also in many cases galvanized sheet iron being

used, makes it difficult to give from the fire records of railroads any

definite comparison between treated and untreated decks as to fire risks.

It would be necessary to have quite a number of unprotected creosoted

decks to make an equitable comparison.

We can, however, compare the fire risk in creosoted and untreated

pile bents which are susceptible to being burnt from grass or forest fires

and which undergo very little risk from fire starting directly by hot coals

from the ashpan or sparks from the engine stack.

The records as far as we are able to find show that there is certainly

no more risk in the creosoted sub-structure, and, in many recorded cases,

the fire risk is shown to be less. We have a few notable examples to

prove that creosoted material when dry is not as susceptible to fire as

untreated material and it is no harder to put out than untreated material.

In most cases creosoted timber will stop burning after the excess oil has

passed out of the wood, as it only burns as long as the heat converts

the oil into gas, and when the excess oil is exhausted the fire goes out.

The most conspicuous example of this is the fire on the Nashville,

Chattanooga & St. Louis Railway. Mr. Hunter McDonald, Chief Engi-

neer of that road, writes as follows

:

"On May 21, 1921, loose coals, dropped from an engine, started
a. fire at the southwest end of Bridge 83.2 on the Nashville Divi-
sion of the Nashville, Chattanooga & St. Louis Railway. This
bridge, of all-creosoted standard Nashville, Chattanooga & St.

Louis construction, with ballast deck, 109 ft. 8 in. out to out of
bulkheads, with a maximum height of 14 ft., was constructed in

1918, and extends almost due east and west. The fire was fanned
by a high wind from the southwest. It burned fiercely for 2^4
hours, when it evidently burned itself out. Heat from the fire

'

was so intense that the leaves on trees 100 ft. from the trestle in
in the path of the fire were completely killed and old red cedar
piles standing on the old track 25 ft. to the north were set on fire<

A thorough inspection of the structure, after the fire was out,
showed that the bridge was not weakened to an appreciable extent
and traffic was resumed over it at once.

"The only parts of the structure which were not set on fire

were the face of the batter pile on every bent on the south side,
and the faces of the stringers, the ballast curb and the ends of
the decking and caps on that side ; also the faces of the different
members of the structure in contact, such as the bearings of the
decking upon the stringers, the stringers upon the caps, the caps
upon the pile heads, and the inside faces of the stringers.

"With the exception of the top of the decking, which was cov-
ered with gravel ballast and parts mentioned above, the timbers
and piles were found to be charred to a depth of one-half to
three-fourths of an inch with the exception of the cross-bracing
on_ the only three bents which were braced, being burned to a
point which necessitated its being replaced.

"The total cost of replacements was $75.00, which included
only replacing the bracing on three bents and additional bracing
on two more bents."
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Anyone who has had experience with fires in untreated pine trestles

will reaUze that such a fire could not have occurred in a trestle as old as

this if built of untreated pine.

In 1907 there were at the treating plant at Grenada, Miss., several

thousand creosoted piles ricked with about three hundred piles in a rick.

The yard was crowded with material and the fire spaces were filled. A
fire started in the pihng at one end of the yard and ran along the ricks,

lengthwise. It was burning fiercely in these freshly creosoted piles before

the hose could be gotten to the fire. However, after the water was
started it was not long before the fire was extinguished and the fire was
stopped in the center of a rick of about three hundred piles. Half of

the length of these piles were charred and the other half untouched by

the fire. Where the butt ends of the piles were not charred they were

cut into thirty and forty-foot lengths.

It was thought at the time that the charred piling, while not appreci-

ably injured as to strength, would not last as long with some of the oil

burnt out, but it is now believed that this would have no effect upon the

lasting qualities.

In 1908 there were a number of piles of creosoted pine ties treated by

an empty-cell process, in a yard near Gloster, Miss. These ties were

stacked in alternate solid layers directly on the ground and the stacks

were some distance apart. Later the tie producers filled this yard with

pine ties and after inspection they were in the yard for three or four

months. A grass fire set the untreated ties on fire, and these untreated

pine ties were practically all destroyed. The creosoted ties were not

injured except some of them were slightly charred.

The Chairman of the Sub-Committee saw these ties after the fire,

and the record of the burnt ties shown by the white ashes made it plain

that the creosoted ties were completely surrounded by fire and had they

been untreated they would have burnt with the other ties. They had no

advantage in location. This remains in the mind of the writer as the

most remarkable record he has ever seen.

Anyone who saw Jacksonville after the great fire some twenty years

ago will remember the creosoted telephone poles standing erect all through

the devasted district where frame buildings had been burnt to the ground

These poles were easily distinguished on account of there being a sheel

metal cylinder on the top of each pole. On one corner a trolley pole had

become red hot and had bent over in a curve until the top reached the

pavement and within about eight feet of it there was a creosoted tele-

phone pole standing erect, charred on the outside, but good for further

service. It is, of course, possible the telephone pole did not receive as

direct a baptism of fire, but it certainly was in a very hot place.

The following paragraphs are from different Roadmasters of the

Illinois Central System:

"It is my experience that the creosoted tie after a few weeks
of drying will not burn when scattered or separated out of piles

as readily as a dry seasoned untreated tie. My experience has
been that the fire will run over the tie and cause a considerable
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blaze for a few seconds and will then go completely out, whereas
an untreated tie will continue to burn. It is very noticeable that

we never burn down a creosoted telegraph or telephone pole. We
often find where, under excessive heat, they will catch fire and
burn for a short time, but in no case have I seen one burn down
or show any signs of serious damage from the fire."

"We have found that creosoted ties after being distributed

along the right-of-way and thoroughly dried are not as easily

burned as an untreated seasoned tie. In so far as fence posts are

concerned, the posts made from old ties are less susceptible to

grass fires than untreated cedar or locust posts. We have not had
any fence posts made from creosoted ties that have been de-

stroyed by fire." (Note.—The posts referred to were made from
over-seasoned ties the six by eight tie being sawed diagonally into

two posts and creosoted by the empty cell process.)

"We have a great many cases where ties have been distributed

along the track and they caught from grass fires and burned
without damaging them in the least."

"I have found the untreated seasoned ties more susceptible

to grass fires than treated ties."

"Three years ago we had several piles of ties on the Harlem
Branch, West of Parkway. Fire reached these piles of ties and
while some of them were very seriously scorched, they were not

burned up. We were able to use the majority of these ties after

the fire. I feel that if these had been untreated seasoned ties

that they would all have been burnt. Where grass fires pass over

treated ties they seldom catch fire."

"It has been our experience on the lUinois Division that

creosoted ties that have been thoroughly dried are not as easily

burned as untreated ties. We have some old creosoted ties used

as fence posts and they have not been affected by occasional

grass fires. It is my opinion that a dry treated post will not

catch fire as easily as an untreated post."

"It has been my experience that dry creosoted ties will not

ignite as easily as untreated seasoned ties."

The following is quoted from a letter of Mr. Hunter McDonald to

the "Maintenance Engineer"

:

"Wherever it has been possible for us to do so without affect-

ing the clearance, we have installed ballasted decks on all steel

bridges except draw spans, building a creosoted timber trough to

carry the ballast. On through bridges where the overhead span

would not permit the necessary raise of the track we have used
an open deck of creosoted ties fastened directly to the steel

stringers. In only one instance have we had any fires in them,

although we have a considerable amount of this class of floor. In

the single case referred to the fire originated in decayed sap

wood on an untreated plank footway built in the center of the

track. Fifteen ties were damaged, although all of them are still

in place. The fire was put out by the watchman with water
buckets, the fire extinguisher proving ineffective on account of the

high wind.
"We make it a practice to coat the top of all creosoted bridge

ties thoroughly with sand as soon as they are put in the track

and as long as the creosote oozes out of the timber during hot

weather we continue to apply sand. The sand very shortly is

ground into the timber or incorporated into the coating of

creosote in such a manner as to render it non-inflammable."
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The Chief Engineer of the Louisville & Nashville Railroad, Mr. W.
H. Courtenay, writes

:

"I can now recall but one creosoted trestle on the L. & N.
which was totally destroyed by fire. We had one overhead bridge

constructed of creosoted material which was totally destroyed

by fire.

"There are a large number of creosoted trestles on the L. &
N. lines, and we have had a good many fires on them, but have
generally succeeded in putting them out before very great damage
was done.

"Our experience leads us to believe that after creosoted

trestles have been in use a short time they are not as apt to

become ignited as old untreated trestles.

"Creosoted telephone and telegraph poles used in the marshes
of Louisiana, where the rank grass is burned nearly every year,

do not become ignited as readily as untreated telephone and tele-

graph poles.

"I have seen quite a number of untreated telephone and tele-

graph poles in these marshes which have been destroyed by fire,

and only a few creosoted which had been so destroyed, and I have
seen a number of creosoted poles which had been partially burned.

"Many years ago fhe long trestles on the N. O. & M. Division

had creosoted ties on them. We build some trestles with creo-

soted decks without ballast protection, but protect the stringers

and caps with galvanized iron."

The Chairman of the Sub-Committee is famihar with the creosoted

telephone poles in marshes between Bay St. Louis and New Orleans, in

fact treated a number of them. For several years he saw these poles

frequently and has been observing them for twenty-five years, and has

seen a number of the marsh grass fires which are frequent in winter

after the grass becomes dry. This grass grows from three to five feet

above the water line, burns very violently, and makes a great blaze and

smoke. He has seen these poles swept by grass fires a number of times

and has never seen a creosoted pole destroj'td. Practically all of the

poles in this line were creosoted.

Some of these poles are at least thirty years old, and have been

through many fires.

The Chief Engineer of the Southern Bell Telephone Company
advised that the untreated poles used before they commenced creosoting

were frequently destroyed by fires in the winter months.

The photographs shown with this report were taken from tests made
at Grenada.

Dry grass was put upon the ground and on this was placed some

pitch pine kindhng. This grass and kindling was made as even as pos-

sible around the test pieces. The pieces cut from piling and stringers

were three feet long. Below is given the description of the pieces by

numbers.

Stringer 1 Longleaf Pine untreated 1 year old
"

2 Loblolly Pine creosoted
" " "

"
3 Longleaf Pine untreated

" " "
"

4 Loblolly Pine creosoted
" " "
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Piling 1 Longleaf Pine creosoted 16 months old
2 Loblolly Pine untreated 7 " "

3 Loblolly Pine creosoted IS

4 Loblolly Pine untreated 8 " "

The fire in the treated pieces had gone out when photographs Nos. 9

and 17 were taken.

Photographs Nos. 11, 12, 12A, 21, 22, and 23 were taken the next day,

the fire in the untreated pieces having gone out during the night.

We feel that it is necessary to do some more experimenting along

these lines, and to especially make some tests as to the comparative

resistance to the starting of a fire in dry creosoted wood and untreated

dry wood, and submit this report as information.

'1
1 _

i

Photo No. 1

Photo No. 2
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Photo No. 3—4 Minutes After Fire Started

Photo No. 4—8 Minutes After Fire Started
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Photo No. 5—15 Minutes After Fire Started

Photo No. 6—23 Minutes After Fire Started
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Photo No. 7—37 Minutes After Fire Started

Photo No. 8—41 Minutes After Fire Started
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Photo No. 9—1 Hour and 20 Minutes After Fire Started

Photo No. 10—1 Hour and 51 Minutes After Fire Started
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Photo No. 11

Piioio No. 12
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Photo No. 12A

Photo No. 13
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Photo No. 14

Photo No. 16—5 Minutes After Fire Started



126 Wood Preservation

Photo No. 16—12 Minutes After Fire Started

Photo No. 17—28 Minutes After Fire Started
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Photo No. 18—4 Hours and 28 Minutes After Fire Started

Photo No. 19—4 Hours and 58 Minutes After Fikk Staktii)
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Photo No. 20

>-it

Photo No. 21
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Photo No. 22

Photo No. 23





REPORT OF COMMITTEE XXIII—SHOPS AND
LOCOMOTIVE TERMINALS

F. E. Morrow, Chairman; A. T. Hawk, Vice-Chairman;
C. I. Anderson, G. W. Harris,
A. L. Atwill, E. M. Haas,
C. N. Bainbridge, L. P. Kimball,
G. W. Burpee, W. H. Kirkbride,
Leland Clapper, W. T. Krausch,
AI. J. Davis, H. M. Lull,
R. E. Dougherty, J. S. McBride,
K. B. Duncan, J. M. Metcalf,
G. H. Gilbert, L. K. Sillcox,
Walter Goldstraw, John Schofield,
R. J. Hammond, B. S. Voorhees,
Geo. W. Hand, H. W. Williams,

A. M. Zabriskie,
Co}nmiitcc

To the American Raiki'oy Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

(1) General Layout and Design of Car Shops (Appendix A).

(2) Typical Layouts for Storage and Distribution of Fuel Oil,

including Fuel Oil Stations between Terminals (Ap-

pendix B).

(3) The Ventilation of Engine Houses (Appendix C).

Action Recommended

1. That the changes in the Manual in Appendix A be approved and

designs of Freight Car Repair Shops, be approved for publication

in the Manual.

(2) That the conclusions in Appendix B, relating to Typical Layouts

for Storage and Distribution of Fuel Oil, be approved for pub-

lication in the Manual.

(3) That Appendix C, covering Report on Ventilation of Engine

Houses be received as information only.

Recommendations for Future Work

Continue the following subjects, collaborating with the appropriate

Committee of Division V—Mechanical, and VI—Purchases and Stores,

American Railway Association.

Bulletin 271, November, 1924.
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1. Revision of Manual.

2. General Layouts of Engine Terminals.

3. General Layouts and Designs of Car Shops.

4. General Layouts and Designs of Coaling Stations.

5. Typical Layouts for Storage and Distribution of Fuel Oil, includ-

ing Fuel Oil Stations Between Terminals.

6. Storehouses for Shops and Locomotive Terminals.

7. Ventilation of Engine Houses.

8. General Layout and Design of Typical Locomotive Repair Shops.

Respectfully submitted,

The Committee on Shops and Locomotive Terminals,

F. E. Morrow, Chairman.

Appendix A

(1) GENERAL LAYOUTS AND DESIGNS OF CAR SHOPS

L. K. Sillcox, Chairman, Sub-Committee ; H. W. Williams, Leland Clap-

per, E. M. Haas, W. T. Krausch, John Schofield, A. T. Hawk, Walter

Goldstraw, L. P. Kimball, J. S. McBride, A. M. Zabriskie.

In the Proceedings of the twenty-second annual convention of this

Association held in Chicago, March 15, 16 and 17, 1921, Vol. 22, pages

587 to 620, inclusive, will be found a report, presented by this Sub-Com-

mittee dealing with the requirements for freight car repair shops aug-

mented by illustrations of existing plants and proposed plans which were

contributed by a number of railroads throughout the United States and

Canada.

Your Committee has pursued this year the study of the subject of

General Layouts and Designs of Car Shops with the view of presenting,

for your consideration and approval, certain definite recommendations that

would be useful for the guidance of those confronted with the problem of

providing suitable buildings and facilities for handling heavy repairs to

freight train cars.

Freight car repairs are divided into two general grades, viz. : Light or

running repairs, and general overhauling or classified repairs. Light or

running repairs is that class of work accruing from current wear and

breakage such as is usually taken care of in transportation yards under

blue flag or, where the damage is sufficient to necessitate switching the

cars out of the train, is handled on the adjoining rip tracks. Classified

repairs are of a different nature and involve the work of restoring the

car, as a whole, to first-class condition after a long period of service. It

would be unreasonable to recommend enclosed shops for the former class

of repairs because the floor space required would be out of proportion to

the amount of work done while, on the other hand, for classified repairs

on account of the larger volume of work per car and the possibility of

systematizing and specialization in the various operations, there may be
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sufficient advantage to warrant the provision of enclosed shops. There-

fore, it is for shops in which are to be handled the heavy class of repairs

that your Sub-Committcc wishes to make recommendations.

Before laying definite plans for shops it is well to consider the policy

in force with respect to general repairs. Generally speaking, except for

smaller roads or where the system radiates distinctly from a central point,

it is advisable to have a plurality of car shops and it may develop that the

traffic demand for cars from these various points may permit of a certain

amount of specialization as to type and class of cars. Decentralization to

this extent is to be recommended for several reasons : It minimizes the

effect of labor difficulties ; decreases empty car haul
;
permits specialization

in certain classes of equipment and the immediate delivery of reconditioned

cars at point of loading, and it may facilitate the use of lumber, steel

or other supplies without excessive haul.

The advisability and practicability of shopping cars by series or classes

have become recognized and most of the obstacles in this respect have now
been overcome to the extent that the method has become quite general in

its application to heavy freight car repair work. The same is also true in

regard to the progressive system of shop operation. It has been demon-

strated conclusively that with a reasonable volume of operation and a

properly organized shop force, there are greater possibilities for economy

and efficiency with this method than with any other that has yet been

devised. This method permits of systematic delivery of material at defined

intervals of time and to designated points; it is conducive to specializa-

tion of the work by groups or individuals, which is a large factor in

production ; it simplifies supervision and allows close control of output

;

as the workmen become familiar with the particular task to which

assigned the chances for personal injury are greatly reduced; it lessens

the necessity for multiplicity of tools and fixed equipment such as scaf-

folds, hoists, etc. The only objections to the adoption of the system is

the effort necessary to collect cars of the same series in sufficient num-
bers to make the operation practical, and the possibility that the work
on some individual car might retard the progress of the others. However,

it would seem that except for the smaller roads that these objections

might be overcome by arranging for the recall of cars sufficiently in ad-

vance and by systematic inspection prior to placing the cars in position for

the shop.

It is impossible to prescribe definite formula as to capacity and out-

put for a particular shop or for a group of shops, however, certain gen-

eral statements can be made on the subject which should be of service

when dealing with the problem. It is a fairly recognized fact that there is

a definite cycle for freight train car repairs and it has been determined

that the average freight car requires a heavy repair or general over-

hauling after a period of service of approximately eight years. This fac-

tor will vary somewhat for different classes of equipment and types of

construction. One party having charge of refrigerator cars almost ex-

clusively informs us that the cycle for that type of car is five years, which

statement is substantiated by a carrier having a large ownership in the
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same class of equipment, in that their experience indicates a five or six-

year term of service, and for stock cars also, while box and open cars will

run two or three years longer. Some eastern roads having a large owner-'

ship in all steel coal cars are experiencing a turn-over factor of approxi-

mately five years. It is interesting to note in this respect that the cycle

is often more than double with similar all steel equipment operating

closely within the confines of certain sections in the southwest where the

relative humidity is quite low.

Therefore, it is to be noted, that with some intimate knowledge of

the equipment to be handled, a prediction may be made of the probable

annual turn-over. If the repair cycle approximates five years, then the

measure for capacity would be 20 per cent of total number of cars owned
or if based on an eight-year cycle the measure would be 12^ per cent, and

so on, for various factors. The situation is modified to some extent by

the policy of acquisition or purchase of new equipment. If there is a

liberal policy as to retirement of old equipment with a like number of

new cars purchased then the total shop capacity may be correspondingly

reduced, but on the other hand, if on account of financial restriction, or

otherwise, but few retirements are made, then a capacity should be pro-

vided for the full factor determined.

The capacity of a particular shop should be determined with full

consideration to the seasonal demand for the particular class of cars to be

repaired. For instance, it may develop that an annual output of 3,000

cars of a certain class are required. On a uniform operation throughout

the year this would represent an output of about 10 cars per working day

while if it were necessary to turn out 75 per cent of the cars within a dull

traffic period of six months, then it would be necessary to provide for an

output of 15 cars per day.

There are many variable factors involved in determining the car

capacity of a shop to give a certain output. The principal features are

:

The class of equipment to be repaired, the nature of the work done, the

facilities at hand, and the intensity of the operation. From information

furnished by a number of carriers where careful studies have been made

on productive operation, we would infer that an average daily output of

10 cars could be expected from a capacity of 60 to 80 cars. This assump-

tion is based on a time element of from six to eight working days per car

where ample facilities and proper organization prevail, and with the under-

standing that stripping would be done outside the shop.

The length of track to be allowed to each car is an item that depends

upon the method employed in working the shop. In the report made by

this Committee in 1921, previously referred to in this paper, it was sug-

gested that 60 ft. be used as the basis for estimating car capacity, where

it was anticipated that the trucks would be repaired on the same track

with the car. However, such an operation could not be carried out under

a strictly progressive system, as the trucks would hinder the movement of

the cars through the shop. It is suggested that where it is contemplated

to use the progressive system in the shop being planned that a minimum of

45 ft. be used as the track space necessary for car. Greater distance should
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be employed in some portions of the shop where it would be necessary to

allow working room around ends of the car.

The size of the main or erecting shop is influenced to a large extent

by the system to be followed with respect to stripping of old cars and the

painting of .the finished cars. If it is contemplated to do either or both

inside the main building then of necessity a larger floor space will need be

provided. From information collected it is beheved that the general prac-

tice particularly for large operations is to do at least the rough stripping

outside on tracks set aside for that purpose. This eliminates the litter

from the shop floor, saves labor of handling the debris, as it is usually

burned or scrap piled at place of stripping, and releases valuable floor

space for repair work. For the painting and stencilling operation, there

seems to be no universally adopted place for doing the work unless it

be out of doors. A few roads paint the cars in the repair sheds, but the

majority of recommendations received were in favor of separate buildings

for the purpose, which leads the Committee to believe that such should be

recommended particularly since spraying has now come into general use.

A paint spraj'ing machine if used in the erecting shop may produce very

disagreeable working conditions for the repair men and while painting

outside in favorable weather is desirable from the workman's standpoint,

there is a large amount of damage experienced from rain and frost where
the work is unprotected. For these reasons, your Committee recommends
that consideration be given to this feature as it is deemed advisable to pro-

vide a separate building for painting, particularly in localities where cold,

damp weather prevails. Simple and inexpensive construction can be

employed in this structure but special attention should be given to ventila-

tion, and in the case of cold and damp climates sufficient heat should be

provided to insure quick dr\-ing and to afford as rapid a turn-over as

possible.

Attention is also called to the two methods practiced in respect to

repairing trucks. One method is to run the trucks out at the end of the

car doing the repair work on the same track with the car, while in the

other the trucks are removed to a special truck shop or space set aside for

truck work while the car body is placed on shop dollies or a set of

repaired trucks for movement through the shop. Obviously, more space

per car is required for the former practice than for the latter.

As to the physical features, equipment, general layout of main shop

and subsidiary departments, your Committee, after due deliberation, has

concluded that it is impractical to attempt to develop a plan or layout that

could be oflFered even as a guide because actual developments differ so

widely as to topography and outline of space to be occupied, that each

case presents a distinct problem within itself, however, there are certain

basic features that can be prescribed. In this respect your Committee has

collaborated with a Committee of the American Railway Association,

Mechanical Division, instructed to report on a similar subject and they

have joined with us in making certain basic recommendations. The
report of that Committee which was made at the convention of that

association June 11th, 12th and 13th, 1924, reads, in part, as follows:
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RECOMMENDED PRACTICE FOR FREIGHT CAR REPAIR SHOPS

1. The distance from the center line of the outside car repair track

in a car shop building to any projection on the outside wall should be
not less than 11 ft.

2. The distance center line to center line of repair tracks that have
a standard gage material track between them should be not less than
22 ft.

3. The distance center line to center line of repair tracks that do
not have a material track between them should be not less than 18 ft.

4. The distance center line to center line of car repair tracks where
a row of columns is located between the tracks, should not be less than 22
ft. and in no case should the distance from face of columns to center line

of adjacent repair track be less than 10 ft.

5. The minimum distance from the top of rail to bottom of traveling

crane bridge in car shops that do not lift cars over each other, should
be 23 ft.

6. Car repair shops should be arranged so that cars can be switched
from both ends.

7. Material tracks in car repair shops and yards should be standard
gage.

8. That portion of the car repair shop floor, between the outer rails

of adjacent repair tracks having a material track between them should be
planked or paved and suitable planked or paved roadways should be
extended out into material 5'ards to facilitate trucking and the use of

tractors for handling material.

These general features are illustrated by the adjoining sketch.

Your Committee concurs in this and offers it as a joint recommendation.

Inquiries have been made of a number of carriers as to the advis-

ability of installing over-head cranes in connection with heavy freight car

repair work and the expressions of opinions seem to indicate that cranes

are to be recommended particularly for new shops as the additional cost

is not unreasonably large where the investment has been undertaken to

house repair tracks and facilities. The necessity, however, is more pro-

nounced in connection with steel cars than with wooden. However, the

increasing acquirements in cars of the all-steel and composite construc-

tion gives further argument for the installation of cranes in new plants.

Cranes of 15-ton capacity seem to be most popular particularly where they

are used in longitudinal shops in which more than one crane is installed

per bay. It gives ample capacity for lifting one end of a car to allow the

truck to be run out or set under the car body, and to handle the heaviest

part necessary in connection with freight car repair work. If it becomes

necessary to lift a complete car, two cranes can be used jointly. However,

in work on heavy steel cars where only one crane is to be employed,

it may be advisable to use a crane of greater capacity. Under such cir-

cumstances, a capacity of 25 tons is considered ample, with 30 tons as the

maximum that would be required under any circumstances.

It is optional, of course, with the carrier as to the type of construction

to employ for the building. Steel frame with brick or tile walls is pre-

ferable, particularly in cold climates, although corrugated iron may be

used thus reducing construction costs. Wooden structures, except for the
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slow burning mill construction with brick or tile walls, are not recom-

mended because of the fire hazard.

Large glass areas should be provided, particularly in the roof as well

as side walls, in order that ample illumination is available. Natural light-

ing should be augmented with plenty of artificial illumination for efficient

work on gloomy days.

Good paving, while not absolutely essential, is recommended because

it is felt that reduced maintenance from a properly constructed floor

and the benefit from the orderliness possible with a good floor will go a

long ways toward offsetting the additional first cost necessary to provide

it. Under any circumstances, it is recommended that the portion of

the shop floor between each pair of repair tracks having a material or

supply track between them should be paved or planked to facilitate the use

of tractors and trailers or hand trucks employed in the handling of ma-
terial and supplies to the car.

The question of heating car repair shop buildings has been considered

and discussed. Heat is desirable but not absolutely essential ; however, it

is the thought of your Committee that it will be of assistance in obtaining

consistently high production throughout the year, particularly in territories

.where climatic conditions are severe.

Compressed air and electric power are very essential to a car repair

shop operation and full facilities should be provided in this respect.

Outlet boxes should be provided at frequent interval to insure at least

one for every car spot.

In conclusion, your Committee wishes to offer for your consideration

and approval the following as recommendations for general practice for

inclusion in Manual of the Association

:

Recommended Practice for Freight Car Repair Shops

1. The distance from the center line of the outside car repair track in

a car shop building to any projection on the outside wall should be not less

than 11 ft.

2. The distance center line to center line of repair tracks that have

a standard gage material track between them should be not less than 22 ft.

3. The distance center line to center line of repair tracks that do

not have a material track between them should be not less than 18 ft.

4. The distance center line to center line of car repair track where

a row of columns is located between the tracks, should not be less than

22 ft. and in no case should the distance from face of columns to center

line of adjacent repair track be less than 10 ft.

5. The minimum distance from the top of rail to bottom of traveling

crane bridge, in car shops that do not lift cars over each other, should be

23 ft.

6. Car repair shops should be arranged so that cars can be switched

from both ends.

7. Material tracks in car repair shops and yards should be standard

gage.
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8. That portion of the car repair shop floor between the outer rails

of adjacent repair tracks, having a material track between them, should be

paved or planked and suitable paved or planked roadways should be ex-

tended out into material yards to facilitate trucking and the use of tractors

for handling material.

9. In shops where cranes are not employed the over-head clearance,

measuring from top of rail should be not less than 20 ft., door openings

excepted.

10. Except where otherwise prescribed by law, repair track door

openings should not be less than 13 ft. wide by 17 ft. high.

11. Suitable provision should be made in the formulation of plans to

prnvide for reasonable txLensions of all buildings and facilities.

12. Suitable means should be provided for prompt and economical

handling of materials and supplies through the application of cranes,

hoists, mono-rails, supply tracks and roadways for tractors and trailers.

13. It is recommended that fireproof or slow-burning construction

be employed for the building structures.

14. It is recommended that the roof and side wall construction be

such as to afford maximum natural light and ventilation.

15. Ample artificial illumination is recommended.

16. Heat is recommended, for the colder climates.

17. Separate building is recommended with excess heat and good

ventilation for painting and stenciling for cold or rainy climates.

BOTTOM CHORD OF ROOP TRUSS.

MINIMUM DIMENSIONS RECOMMENDED fOR A PREIG-HT CAR SHOP.
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Appendix B

(2) TYPICAL LAYOUTS FOR STORAGE AND DISTRIBU-
TION OF FUEL OIL, INCLUDING FUEL OIL

STATIONS BETWEEN TERMINALS

J. M. Metcalf, Chairman, Sub-Committee ; F. E. Morrow, C. N. Bain-

bridge, K. B. Duncan, G. W. Hand, G. W. Harris, W. H. Kirkbride.

Following the discussion of the report on fuel oil facilities in the

convention last March, further consideration has been given to the subject

by the Committee, with special reference to the questions raised at that time.

The presence of some fire risk in connection with any handling of an

inflammable liquid such as fuel oil must be recognized. This risk extends

not only to the oil itself and the facilities for handling it, but to adjoining

property which may be exposed to danger from a fire in connection with

the oil facilities. These facilities must be so designed as to keep the fire

risk at a minimum consistent with economical construction and operation.

The extent of the risk and the design of the facilities with a view to reduc-

ing it will depend to some extent upon the character of the oil to be

handled, its flash point, and the proportion of the lighter and more

volatile constituents remaining in it.

Unloading Facilities

After further consideration the Committee does not agree with the

criticism that the unloading trough or box between the rails, recommended

in its previous report, increases the fire risk. The use of a pipe con-

nection from the tank car outlet, as mentioned in the former report, has

been found cumbersome and awkward, and likely to result in loss of oi'

due to defective outlet valve. The use of other than a tight pipe con-

nection, such as the movable trough, attachable to the outlet and leading

to a sump outside the rails, appears also to be somewhat less satisfactory

from the standpoint of avoiding the loss and fire risk resulting from wast-

age of oil. No serious difficulties are reported by the roads using the

troughs and boxes, in the matter of supporting the track over the unload-

ing facilities. One method of such support was illustrated on page 80

of Vol. 25 of the Proceedings. Sketches showing variations in use by

other roads are submitted herewith. The following quotations from rep-

resentatives of two of the roads having longest experience in the use

of fuel oil appear to the Committee to be in point:

"Relative to the matter of unloading arrangements, we have

tried several different kinds but found that the troughs between

the rails give us the best satisfaction from the standpoint of

unloading the oil, and also making it possible to keep a cleaner

condition around the unloading track. However, we have adopted

the policy of using the method of unloading that would best suit

the station, which in turn was governed largely by the quantity of

oil to be unloaded."
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"We are now building unloading sump in center of track.

We have never had any trouble v^^ith these sumps, and consider
them easier to use than the sump alongside track where it is neces-
sary to use a trough from the tank discharge pipe to the sump.
The center sumps must be thoroughly constructed, preferably of
concrete, and with suitable cover. The old style wooden sump
with plank cover is a bad nuisance and a fire hazard, and should
never be built."

The point of view of another company is set forth in the following

quotation. A photograph of the side-unloader facility referred to is sub-

mitted.

"The first method of unloading oil was to construct between
the rails, track sumps either of concrete or wood, which received
the oil directly from the tank car, pipe leading from bottom of pit

to some style of sump. These open pits are objectionable, both
from a fire hazard point of view, and the fact that they always
present a very dirty and untidy condition. In place thereof, we
developed a side-unloader.

"The advantage of this system is that section foreman can
always maintain his track in standard manner with clean ballast.

The unloading pipes are all underground and the only exposure of
pits consists of small manholes which can always be properly
covered, and present a clean appearance. The troughs leading
from the tanks to the manholes, when not in use, can be neatly

stored and kept reasonably clean by the pumper.
"However, as there seems to be a demand for unloading

devices in the center of track we have prepared a new design for

such a type which ehminates all objections to the open pit. This
design incorporates a small center track pit with a metal cover
connected to the main receiving sump with a pipe in which an oil

barrier is created which prevents the escape of gases from the

main sump."

Ordinarily, the track used for unloading oil should not be used for

any other purpose. The Committee has revised its recommendation to

include this provision, and one for the use of metal covers on unloading

troughs or boxes, and with these changes stands on its former conclusion

as recommended practice for inclusion in the Manual.

Dikes or "Fire Walls"

The Committee's recommendation that each storage tank "should be

surrounded by an earth dike enclosing below the elevation of top of dike

a volume equal to one and one-half times the capacity of the tank" was

based on the regulations of the National Board of Fire Underwriters for

the storage and use of fuel oils. These regulations provide that

"In locations where above ground tanks are liable (in case of
leakage or overflow) to endanger surrounding property, each tank
shall be protected by an embankment or dike.

"Such protection shall have a capacity of not less than one
and one-half times the capacity of the tank surrounded, and shall

be at least 4 ft. high, but in no case higher than one-fourth the

height of tank when height of tank exceeds 16 ft.

"Embankments or dikes shall be made of earthworth or ap-

proved concrete. Earthwork embankments shall be firmly and
compactly built of good earth from which stones, vegetable mat-
ter, etc., have been removed, and shall have a flat section at top
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of not less than three feet and a slope of at least two to one
on both sides.

"Embankments or dikes shall be continuous with no open-
ings for piping or roadway. Piping shall preferably be laid over
or under embankment."

The following quotations from letters from oil using roads are of

value in this connection

;

"As to the matter of fire walls, I have found that this is

often covered by ordinance, and I believe that our recommenda-
tions for one and one-half times the capacity of the tank is pretty

generally the one that is adopted. There is one question, however,
that I am not sure we covered, and that is, the distance from the

tank that the fire wall is placed. This is also a question as to

whether we wish the fire walls to protect the fuel oil tank or

to protect the oil from flowing over the adjacent tanks or buildings.

"To illustrate what I mean, at one point we have the fire wall

around the tank within about 25 or 30 ft. from the circumference,

and have also placed an additional fire wall some 150 ft. from
the first fire wall, which is intended to catch the flying spray
from the burning tank and prevent it from flowing into our
roundhouse building.

"I believe that our recommendation on fire walls should stand.

We might add that secondary fire walls should be provided if it is

desired to protect other property and that they should be placed

as far from the tank as is permissible."

"As to capacity of levee—I endeavored to develop best prac-

tices through correspondence with various people and find that

levees were being constructed to provide from 1.1 to 1.5 capacity

of tank enclosed (think in a general way the fire underwriters
prefer 1.5 capacity). However, I have never been able to de-

velop any conclusive evidence pointing to the necessity for 1.5.

Our experience points to the fact that when a fuel oil tank gets

on fire the oil burns for a very considerable time before there is

any rupture of steel, and that almost invariably the steel shell

collapses inwardly rather than outwardly. Oil burns up at the

rate of six inches per hour so that the volume of oil is rapidly

decreasing as the fire burns. Even assuming a quick rupture
of a full tank there would only be a surge of comparatively a
small amount of oil over top of levee, the rest of it would be
held in check while consumed by fire. Given unlimited space
with earth formation, of course, there is no particular objection

to building a levee of 1.5 capacity, but usually around shop
grounds the space is limited and bank material expensive. There-
fore, would regret to see a rule promulgated demanding the

maximum.
"In my judgment with the floating roof there is no necessity

of a levee except as an extra precaution where very valuable
property is exposed."

"At practically all of our storage tanks we have ample room
for the construction of levees, and are following a consistent
practice of maintaining these levees to a sufficient height and
diameter to retain at least one and one-third the capacity of the

tank. We have recently spent quite a sum in bringing our levees

up to this standard. It is necessary to take into account not
only the actual capacity of the tank, but the waves and swelling
of the oil which will take place in case a burning tank boils over,



142 Shops and Locomotive Terminals

which will sometimes raise the oil as much as two feet higher at

the levee than it would otherwise be."

Pending further development and experience with tank roofs de-

signed to eliminate fire risk, the Committee feels that the provision for

capacity within fire walls set up in its former conclusion represents the

desirable condition to which, as nearly as may be practicable, construc-

tion should conform.

Roofs of Storage Tanks

The practice of the larger oil companies tend increasingly toward

the use of all-steel vapor-tight roofs on permanent installations of large

storage tanks. The loss through evaporation of valuable elements from

the oil, as well as the danger of fire, caused either by lightning or by

the burning of other structures in the vicinity, is materially reduced

by this practice, especially where the oil contains considerable quantities

of the more volatile constituents. The residum in general use as fuel

oil, from which the lighter elements have been extracted by refining, is

less subject to loss through evaporation, as well as less readily inflam-

mable. While some roads have experienced serious loss by fire, and have

gone or are going wholly to the use of the vapor-tight roofs, many, after

years of experience, are still using the wood sheathed roofs, and feel

that, in view of the class of oil they are using and the uncertainty as to

the length of time for which a supply of fuel oil will be available, they

are not justified in incurring the additional expense for the steel roofs.

Two or more types of tanks with floating roofs, said to eliminate

wholly both loss by evaporation and danger of fire from any cause

outside the tank, are now being manufactured, and are being tried out

experimentally by some of the oil companies and by at least one rail-

road. They are still more expensive than the steel roofs, and would

apparently be of value chiefly for the storage of the more volatile and

inflammable oils.

The experience of some of the railroads with different types of roof,

and their present practice and recommendations are outlined in the fol-

lowing statement

:

"Our losses of stored fuel oil have not been very serious in

proportion to the large amount of fuel stored. In December,
1919, a 37,000-barrel storage tank was partially destroyed by fire,

originating in burning grass and weeds adjacent to the tank,

the heat or flames probably communicating with gases present

near the roof. In September, 1923, a S5,000-barrel storage tank,

one of a group of eight, was totally destroyed by fire after being

struck by lightning.

"Practically all of our large tanks are equipped with steam
smothering lines around the inside of the tank near the top.

"Chief Engineer of a large oil company advised me that after

considerable study they have adopted as standard a gas-tight steel

roof, supported on steel frame work inside of tank, fitted with

several automatic opening and closing gas-tight hatches for reliev-

ing gas pressure ; also states they did not consider the floating

roof very practicable, and did not intend to use it.
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"Chief Engineer of (another oil company) ad-
vised me they are installing gas-tight steel roofs, and consider
them the safest roof which can be built. They are also installing
one of the floating roofs, as an experiment. This company uses
Avooden roofs on temporary tanks, and steel roofs on permanent
tanks.

" (another oil company) follow the same policy,
and are also considering installation of breather pipe leading out
through the levee.

"Our standard roof construction has heretofore been wood
frame-work and sheathing covered with tar and gravel, but I think
we will shortly adopt gas-tight steel roofs with breather pipes.

"I am personally convinced that the additional cost of gas-
tight steel roof is warranted for permanent storage."

"We recently had some experience with tank being struck
by lightning, a 55,000-barrel tank having been recently struck in

a thunder storm during the night. The tank was practically full

of Mexican oil. It was covered with tar and gravel roof. Fire
started in the roof ; the oil was promptly flooded with live steam
through pipe provided for that purpose, and fire was soon extin-
guished without doing more damage than charring a few of the
roof sheathing boards, and without having touched the oil in the
tank at all. This is the first case of which we have any record
of fire on or near one of these tanks. We are storing something
like one and a half million barrels of oil, including both domestic
fuel oil and Mexican oil."

"We had a 55,000-barrel storage tank destroyed by fire about
four years ago. The fire first started in our coal chute, located
some 1,200 feet away from the storage tank. Although the oil

tank was not directly in the course of the wind from the burn-
ing coal chute it did catch fire, due to the ignition of gases in

the tank.

"The tank was constructed with a frame roof covered with
sheet iron, and it was the consensus of opinion of those fighting
this fire that it was caused from the gases leaking around the
edges of the tank. In rebuilding this tank, and other tanks
later, we used entire steel roofs."

"Regarding the matter of tank roofs, this depends somewhat
on the nature of the fuel oil that is being handled. Oil com-
panies handling crude oil have a different condition than the
railroads that handle only fuel oil. If the gasoline content has
been removed from the oil the danger of the tanks being struck
by lightning, igniting the gases, is greatly reduced. We have han-
dled fuel oil since 1900, and I contribute the fact that we have
had no losses due to fires to the reason that we used for a great
many j-ears the topped light domestic oil ; and I am sure the
vapors given off by the oil were practically nil. In the last few
years, however, we have begun to use Mexican crude, which
has a very small per cent of gasoline content ; although the trou-
ble with the oil is that the gasoline is pocketed in the oil and is

very treacherous from a standpoint of giving off gases. For that
reason, some time ago I recommended that we equip a few of
our fuel oil tanks with air-tight roofs. This was not because
we wished to protect the fuel oil so much as it was to protect
tlie roundhouse buildings that were close by. At this time I

looked into the matter very extensively, and found that the air-
tight roof was by no means a complete safeguard against being
struck by lightning.

"I think the character of tank roof should depend upon the
nature of the fuel oil to be handled. If it is crude oil, containing
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gasoline content, I believe the gas-proof roofs with explosion
hatches, etc., should be recommended."

"Our reasons for adopting the floating roof as one of our
fireproof types are as follows

:

"1. Failures of storage tanks have resulted from (a) roof
fires which have ignited oil in tanks; (b) fires from external
sources which have caused the explosion of gases collected

under the roofs. Both of these hazards are eliminated in the

floating roof, which is of steel ; no gases can collect under it and
no external fire can reach the oil.

"2. EHmination of the above hazards justifies the elimi-

nation of the safety levee around the tank. This makes it pos-
sible to build the plant in a smaller area and to improve exist-

ing plants built on limited areas.
"3. The saving in area and the cost of the levee ofiF-sets the

cost of the floating roof.

"We have installed six such roofs on large tanks, and they
are working successfully."

Air-Lift Delivery

An interesting variation from the usual delivery methods for use

at small stations is described in the following quotation

:

"There are many small stations where continuous automatic
pumping facilities cannot be provided, and to cover this situation

an oil air-lift facility has been designed. It incorporates well

known principles already applied to the handling of liquids

with air ; the operation is briefly described as follows

:

"One of the air hoses is connected with the locomotive air

supply, the air is forced through the foot-piece at the bottom of

the eduction pipe and in rising, completely aerates the oil in that

pipe ; the presence of air in the eduction pipe reduces the density

of the liquid below that of the oil in the outer casing and sump
and forms an emulsion which must rise to a higher level than
the oil in the sump to establish equilibrium. In doing this the

serated oil enters the booster tank, where the air is liberated from
the oil ; sufficient air pressure is retained in the booster tank to

force the incoming oil through the outlet pipe to the oil column

;

the excess air above that required to deliver the oil to the oil

column is liberated through a relief valve at the top of the

booster tank.

"This facility incorporates no moving or mechanical parts

and hence requires no attention from an operator, and prac-

tically no maintenance ; the oil supply is all underground, delivery

at the column stops instantly the air is shut oflf (or the outlet

valve closed) and hence no fire hazard exists from oil under
pressure or from leakage while the facility is standing idle.

"The air to operate may be furnished by the locomotive
itself, hence the sj'stem lends itself readily for small wayside
stations."

Concrete Storage Tanks

Some of the oil companies report successful use of concrete tank for

large storage of inert fuel oil. So far as the Committee's investigation

has gone, such use has not been taken up to any extent by the oil-using

railroads, practically all of which use and recommend the steel tanks for

such storage, though several use concrete for small service and sump

tanks, especially where such tanks are underground.



Shops and Locomotive Terminals 145

Fuel Oil Station—Chicago, Rock Island & Pacific at Waurika, Okla.

Sca/e :- ^ — •" ->
so too ^00 300 4O0^e«7

Fuel Oil Facilities—Chicago, Rock Island & Pacific Railway-
Waurika, Okla.
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-~Z">'A'r£xhausfPipe
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centering Bars

Plan
ShowingAirConnections
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General Diagram 'A'-i'-o"

Fuel Oil Air Lift Delivery Facilities (Typical Layout), Southern
Pacific Lines—Pacific System
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Side Unloader—Southern Pacific—Pacific System

Unloading Troughs—G. C. & S. F. at Galveston, Texas



152 Shops and Locomotive Terminals

Conclusions

General

1. Where oil is used as fuel for locomotives the faciUties required

include provision for unloading it from cars, for holding it in storage,

and for delivering it to locomotive tenders.

2. The details of design necessarily vary with the composition and

gravity of the oil to be used and the climatic conditions to be encoun-

tered, as they affect the temperature which must be maintained in the

oil for convenient handling.

Unloading Facilities

3. Oil should be unloaded from tank cars by discharging direct

into a trough or boxes of steel or concrete between the rails of track

on which cars stand for unloading. Where boxes are used, they should

be spaced at car-length intervals for convenience in spotting cars for un-

loading. Troughs or boxes should be equipped with metal covers, kept

closed when not in use. The unloading facilities should be located on a

track assigned for this purpose, and so that it will be unnecessary for

locomotives to pass over them.

4. Unloading trough or boxes should deliver oil by gravity through

pipe line to depressed sump from which it may be pumped to storage or

delivery tank. Such pipe line should be of sufficient size and be laid

with sufficient gradient so that oil will flow by gravity to the sump as

fast as it will be discharged from the total number of cars which will

be opened at any time. This should not be in excess of the capacity of

the pumps.

5. Sumps may be of steel or reinforced concrete and should be cov-

ered. They should have capacity of not less than one carload. If

of steel, the pit should be drained or the sump should be anchored to

prevent displacement by ground water when empty. The sump should

be vented to draw off gases generated by heating oil in the sump tank,

and in some circumstances it may be desirable to install an oil trap

or barrier in the pipe line leading from the sump to the track trough or

box to prevent the flow of gases from the sump to the track trough or

box.

Storage

6. The storage capacity which should be provided depends largely

upon reliability and source of supply and probable variations in market

price of oil. In general, there should be at each station sufficient storage

to protect against any interruption which may occur in the delivery from

the regular source of supply. Additional storage for the purpose of tak-

ing advantage of variations in market conditions may either be located

at various terminals where oil is used, or concentrated at one con

v.eniently located point.
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7. Cylindrical steel tanks of 55,000 and 80,000 barrels capacity,

erected on leveled earth foundations, provide convenient and economical

storage, and can commonly be secured promptly and at less cost on
account of being standard construction with tank manufacturers. Roofs

should be provided of steel or of w^ooden frame and sheathing, covered

with asbestos, composition, tar and gravel, or sheet metal roofing. In

permanent installations, or where oil having large gasoline content is to

be handled, gas-ti.ght steel roofs equipped with breather pipes with out-

lets outside the dike and floating roofs have the advantage of reducing

evaporation of gases, and danger of fire. Each tank should be sur-

rounded by an earth dike, enclosing below the elevation of top of dike

a volume equal to one and one-half times the capacity of the tank.

8. Adequate means should be provided for the escape of gases

thrown oflf from the surface of the oil. The character and extent of

such provision required will depend on the tightness of the roof and
the character of the oil. It should be designed to reduce circulation of

air over the surface of the oil to a minimum consistent with prevention

of building up of pressure due to the accumulation of gases.

9. Provision should be made for draining of? water and refuse

which may settle in the bottom of tanks.

Delivery

10. Oil may be delivered to locomotive tenders by gravity from

elevated steel tanks or under direct pump pressure. In general the former

method is more convenient and economical. If the gravity system is used,

particular attention should be given to the introduction and proper loca-

tion of cut-off valves in the delivery lines, so that the flow of oil from

the tanks can be immediately controlled.

11. The size of delivery tank required varies with local conditions,

as to receipt and handling of oil, but the capacity should, in general,

be not less than the average amount of oil to be delivered in twenty-

four hours.

12. Valves should be pr-ovided for draining off water and refuse

which may accumulate in the bottom of tanks.

13. Delivery columns should be so constructed that spout can be

swung to position and valve opened from the locomotive tender to be

served. Spouts should have maximum freedom of movement in both

horizontal and vertical directions, consistent with prevention of leakage.

They should be provided with drip bucket, reversible end elbow, or other

means to prevent drip.

14. Means should be provided for measuring accurately deliveries

of oil. Meters in delivery pipe lines or gauges on engine tenders serve

satisfactorily to that end.

15. Some wastage of oil around an engine terminal is inevitable and

provision which will reduce such wastage to a minimum is an important

item in design of facilities for handling oil. If all unnecessary waste and
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leakage is eliminated the cost of recovery of waste oil is generally in

excess of the value of the oil. In cases where such waste is excessive or

becomes a nuisance, however, and causes damage to neighboring property,

it becomes necessary to provide traps in drainage channels or sewers,

equipped with bafHes, to catch the waste oil, separate it from water, and

permit its recovery by dipping or pumping back to the sump. Such

appliances are being used successfully.

Heating

16. Where heavy oil is used or where cold temperatures are ex-

perienced, it is necessary to provide means for heating oil in cars, tanks

and pipe lines, in order that it may flow freely. Such heat is best pro-

vided by steam pipes.

17. Pipe coils in tank cars, which can be readily connected by

flexible hose or pipe to steam pipe lines from the pump house, provide

satisfactory means for heating before unloading. The discharge of live

steam directly into the oil in the car may be resorted to in case heating

coils are out of order or car is not equipped.

18. Similar steam pipe coils provide satisfactory heat for storage

and delivery tanks. In larger tanks they are more eflFective if enclosed

with the end of the discharge line leading from the tank in a wood box
so that the heat will be applied directly to the oil as it leaves the tank,

and not disseminated through the whole tank full of oil. The heating of

oil in pipe lines will often prove advantageous and may be accomplished

by introduction of small steam pipe lines inside the oil lines, or by en-

closing steam line inside an insulating box alongside the oil line. The
latter method simplifies construction and maintenance, but requires more

expensive first installation and greater consumption of steam in propor-

tion to the results obtained.

19. Where steam lines are installed in oil lines, it is necessary to

take precaution against excessive heating. On this account, it is not

recommended that steam lines be so installed larger than necessary

for heating the pipe line. Steam for tank -coils and other purposes may
better be carried outside the oil lines.

Small Stations

20. While the foregoing recommendations apply primarily to the

larger stations, yet the general principles apply to the small stations

except that their application requires special adaptation to the problem.

In some cases, the oil is used direct from the cars; in other cases, stor-

age from one or more cars is combined with delivery tanks, delivery

being made either by gravity, pumps or air pressure.
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Appendix C

(3) THE VENTILATION OF ENGINE HOUSES

L. P. Kimball, Chairman, Sub-Committee ; A. T. Hawk, C. I. Anderson,

M. J. Davis, W. T. Krausch, H. W. Williams.

The adequate ventilation of engine houses is a problem more de-

pendent upon care given the various details of design and the attention

given by operating officers to handling locomotives in such a way that

ventilating provisions will not be overtaxed than to the use of any one

particular character of design or to the provision of any special mechan-

ical equipment.

It is the opinion of the Committee that if the recommendations herein

made are incorporated in engine house design generally and if care in

operation is taken to secure full advantage of same, ventilation conditions

will be materially improved. All of the features presented for considera-

tion are in use at different locations and there is, therefore, no radical

departure or change from present practices recommended, but it is con-

fidently expected that an intelligent combination of these details of

design coupled with the careful use of facilities provided will make a

very great improvement in ventilation conditions in engine houses.

There are two principal causes of impure air in engine houses as

follows

:

(1) The escape of smoke from smoke stacks.

(2) The escape of steam when boiler is blown off.

If care is taken in operation to see that these causes are held to a

minimum, reasonable provisions in the design for ventilation will not be

overtaxed. It is not an uncommon occurrence, however, to see locomotive

emitting quantities of black smoke when smoke stack is not spotted under

smoke jack in the roof. Also not infrequently steam is blown off directly

into engine house without making connection to piping provided for the

purpose of conveying this steam to the outside air or to boiler washing

system.

In connection with this subject reference should be made to the

exhaustive general report on engine houses made by this Committee and

published in the 1922 Proceedings, Vol. 23, beginning on page 223. The
conclusions drawn from this report were adopted by the Association for

publication in the Manual.

It is assumed for the purpose of this report that in the case of new
installations engine houses generally are constructed in accordance with

these principles, so that for example stalls are of sufficient depth to pro-

vide proper working space with doors closed.

The following recommendations have particularly to do with ventilat-

ing features, although they reiterate certain features of previous report

which have a particular bearing on ventilation.
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Smoke Jacks

Smoke jacks should be of the fixed type, at least forty-two (42)

inches wide, of such length (preferably at least twelve (12) feet as to

permit the locomotive stack to be spotted under the hood of the jack at

all of the various positions of the locomotive made necessary for the

accomplishment of certain repair operations. The position of the jack

in the roof should be established with the above condition in view and

the elevation of the bottom of hood should be as low as the height of

the locomotive will permit. The area of flue opening should be at least

seven (7) square feet. An annular space two (2) inches in width should

be provided around the flue. Smoke jacks should not have dampers.

In moving locomotives into the house they should be spotted with smoke
stack under jack as rapidly as consistent with safe handling and should

always be kept in such position while under fire.

Steam Blow-Off

Provision of a proper system of piping for blowing off steam from

boilers should be made in every engine house. Where possible the steam

blown off should be used for heating purposes in connection with a boiler

washing system, but in all cases discharge should be made outside the

limits of the engine house. A ventilator of standard design and at least

eighteen (18) inches in diameter should be placed in the roof on the

center of each stall and as nearly as possible over the center of steam

dome of locomotives handled. If regular blow off piping is temporarily

out of service, arrangements should be made to blow off through portable

pipe into this ventilator and the blowing off of locomotives without such

provision should be absolutely prohibited.

The features above mentioned will, as heretofore stated, reduce the

necessity for other ventilation piovisions, but as with the best of care in

operation some smoke and steam will still escape the following additional

recommendations are considered essential.

Cross-Section of House

As modern engine houses have stalls generally one hundred feet or

more in depth, at least one break should be made in roof and if desirable

complete monitor may be installed. Such breaks or monitors should be

provided with pivoted sash or a combination of pivoted sash and fixed

louvres.

Framing

Roof framing should be such that the rafters directly supporting the

sheathing or other roof surface are in radial lines and without pockets

so as to permit the free passage of smoke to eaves. At the eaves directly

under roof sheathing, if climatic conditions will permit, a continuous

opening of four to six inches should be provided to permit the escape

of smoke and steam, particularly at breaks and in monitors.
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Windows

Large windows should be provided in the outer walls with a generous

provision of ventilating sections. As near a continuous row of these

ventilating sash as practicable should be provided along the top of

windows.

Heating

The relation of the heating system to the ventilation of the engine

house is, of course, apparent. The provision of a hot blast heating

system with supply of air taken exclusively from outside the house and
circulation by means of underground ducts with outlets in pits and along

the outer wall just above floor level is recommended for general use.

Such a system designed for frequent air changes will result in the rapid

clearing of the atmosphere in house even under unfavorable conditions.

The use of this equipment during the summer months will also clear the

atmosphere at that time and materially lower the temperature of the

house.

The provision of special smoke jacks with a system of ducts and

induced draft for the collection and disposal of smoke from locomotives

which has been installed in certain locations by a number of roads is not

recommended for general use on account of the prohibitive expense

involved in making such an installation. The use of such a system should

be confined generally to engine houses in congested city districts where

the collection and disposal of locomotive smoke is necessary to meet local

requirements.

This report is submitted as a progress report and the criticisms and

suggestions of the members of the Association are solicited as an aid to

the Committee in reaching final conclusions on this subject.





REPORT OF COMMITTEE XII—RULES AND
ORGANIZATION

W. C. Barrett, Chairman; E. H. Barn hart, Vice-Chairman

;

M. M. Backus, B. Herman,
D. P. Beach, J. L. Jamieson,
C. W. Brown,* B. R. Kulp,
H. L. Browne, E. F. Manson,
Carl Bucholtz,

'

R. N. Priest,

E. N. Burrows, E. M. Smith,
W. M. Camp, J. W. Stevens,
P. D. Coons, C. H. Tillett,

J. L. Downs, R. E. Warden,
J. M. Fair, A. A. Woods,
H. H. Harsh, C. R. Wright,

Committee.

To the American Railzvay Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

(1) Revision of Manual (Appendix A).

(2) Manual of Rules for the Guidance of Employees of

the Maintenance of Way Department (Appendices

B and C).

Action Recommended

1. That the changes in the Manual in Appendix A be approved and

the revised version substituted for the present recommendation in the

Manual.

2. That the subject matter presented in Appendix B be approved

for publication in the Manual.

3. That Appendix C be received as information.

Recommendations for Future Work

1. Revision of the Manual.

2. Continue study and report on Manual of Rules for the Guidance

of Employees of the Maintenance of Way Department.

Respectfully submitted,

The Committee on Rules and Organization,

W. C. Barrett, Chairman.

Bulletin 271, November, 1924.
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Appendix A

MANUAL OF RULES FOR THE GUIDANCE OF EMPLOYEES
OF THE MAINTENANCE OF WAY DEPARTMENT

J. M. Fair, Chairman. Sub-Committee.

General Notice

Safety is of the first importance in the discharge of duty.

Obedience to the rules is essential to safety.

To enter or remain in the service is an assurance of willingness to

obey the rules.

The service demands the faithful, intelligent and courteous discharge

of duty.

To obtain promotion capacity must be shown for greater responsi-

bility.

General Rules

1. Employees whose duties are prescribed by these rules must pro-

vide themselves with a copy.

2. Employees must be conversant with and obey the rules and spe-

cial instructions. If in doubt as to their meaning, they must apply to

proper authority for an explanation. Supervisory employees must know
that the rules and instructions are understood and complied with by those

under them.

3. Employees must pass the required examinations.

4. Any violation of the rules or special instructions must be reported.

5. The use of intoxicants by employees while on duty is prohibited.

Thor use, or the frequenting of places where they are sold, is sufficient

cause for dismissal.

6. In case of danger to the Company's property, employees must

unite to protect it.

7. Employees must do all in their power to prevent accidents, even

though in so doing they may necessarily perform the duties of others.

8. No employee is allowed to contract any bill or other obligation

on account of the Company or to use the Company's credit, unless au-

thorized by the proper officer.

9. Unauthorized assignment of wages by employees is prohibited and

will be sufficient cause for dismissal. Employees failing or refusing to

pay their just debts, or against whom bills are frequently presented to

the Company for payment, or whose wages have been garnisheed, will,

unless satisfactory reason be given, be dismissed from the service.

10. Employees must devote themselves exclusively to the service, and

must not connect themselves with any other trade or business without

permission from the proper officer.

11. Employees must not absent themselves from duty without per-

mission. They must not exchange duties with others, or engage substi-

tutes without proper authority.
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12. The articles furnished by the Company for the use of employees

must, on their leaving the service, be returned to the proper officer.

13. Employees subject to emergency call must keep their immediate

superior and the train dispatcher informed as to their whereabouts at all

times.

14. Each employee whose duties are in any way affected by it, must

have a copy of the current time table and be familiar with the rules and

regulations therein. He must have it with him when on duty and know
the time of trains at whatever point he may be working.

Employees must carefully observe signals displayed by all trains, and

assure themselves before obstructing the track that all trains and sec-

tions due have passed.

Employees are especially cautioned that extra and special trains may
be run at any time and trains may run at any time upon any track in

either direction, without notice to them. They must be governed accofd-

inglj' and exercise proper care to avoid accident.

15. Employees are forbidden to ask or receive fees or contributions

from subordinates, co-employees, or the public.

16. Employees will be subject to record discipline, suspension, or

dismissal for cause.

17. Employees must know that the machinery, tools and appliances

which they are expected to use and are about to use, are in suitable and

proper condition for use.

18. Emplo3"ees will be regarded as in line of promotion, or advance-

ment, depending upon the faithful discharge of duty and capacity for in-

creased responsibility.

19. A complete service and discipline record of all supervising em-

ployees should be kept in the office of

20. Employees must observe trains closely, and if anything dan-

gerous is noted, must call attention of the trainmen to the fact by signal

or wire.

21. When work, or other cause, renders the track or bridges unsafe

for passage of trains, protection to trains must be provided in accordance

with instructions.

When the track is safe for trains to pass, but at reduced speed, pro-

tection must be provided by displaying the proper signals from each end

of the section of track on which the speed is restricted. Resume signals

should be displaj^ed to indicate where the normal speed may be resumed.

On multiple tracks each track involved must be protected in the same

manner as if it were single track.

The Superintendent must be notified at once by wire of the speed

to be observed over the track protected by "Slow" signals. Where th*^
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obstruction of a track is continued during the night, proper night signals

must be displayed.

22. In case of impassable or obstructed track, flagging is the first,

duty and repairs must wait, if necessar}^, until signals have been displayed.

23. No work that will interfere with the safe passage of trains at

full speed must be undertaken during fogs or blinding storms, except in

emergency.

24. Disregard of stop or caution signals, excessive speed 'of trains,

or failure to answer signals properly must be reported, with a full state-

ment of facts.

25. Employment of minors will not be permitted, except as allowed

by law, and then only after written consent and release on the proper

form has been obtained from parents or guardians.

26. When a train is approaching or passing, employees must not

unlock a main track switch nor stand within feet of such a

switch.

Immediately upon closing and locking a main track switch, the em-

ployee doing so will observe if the points fit properly, and must call the

attention of those with him in words equivalent to the statement: "I

have closed and locked the switch." This statement must be acknowl-

edged in words by one of the employees to whom it is addressed.

27. Motor, hand, velocipede and push cars must be used for Com-
pany business only, and must be operated in accordance with the special

rules governing their use.

28. In case of injury, however slight, to himself or to any one under

his supervision, or in case of injury to others which has not been reported

by other employees, the Foreman must immediately make a report by

wire to his Supervisor, followed by a written report on the prescribed

form.

29. The Company should be informed promptly regarding contem-

plated public improvements or enacted ordinances which would in any

way afifect its interests. Supervisors, Foremen and other employees must

make prompt report and forward at once to their immediate superiors

any printed public notices or other matter, with all the information

available.

30. Employees must not use the telegraph unnecessarily. All mes-

sages should be as brief as is consistent with a clear understanding of

their meaning.

31. Employees must not permit, except by proper authority, experi-

mental trials of appliances or devices, nor give out information of the

results of any such trial.

32. Employees shall conform to the prescribed standards, plans and

specifications in the execution of work under their supervision.
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OPERATING RULES

(Any rule preceded by a number in parenthesis is a Standard-Code

rule of the American Railway Association of that number.)

Standard Time

100. (1 ) Standard time obtained from observatory,

will be transmitted to all points from designated offices at M.

daily.

101. (2) Watches that have been examined and certified to by a

designated inspector must be used by conductors, enginemen and

The certificate in prescribed form must be renewed and

filed with every

(Form of Certificate)

Certificate of Watch Inspector

This is to certify that on ,19
the watch of

employed as

on the R
was examined bj' me. It is correct and reliable, and, with proper care

should run within a variation of thirty seconds per week.

Name of Maker
Grade •

Number of Movement
Open or Hunting Case

Metal of Case

Signed •

Inspector.

Address

102. (3) Watches of conductors, enginemen and

must be compared before commencing each day's work, with a clock

designated by time-table as a standard clock. The time when watches

are compared must be registered on a prescribed form.

103. If access to a standard clock is not possible comparison will be

made with a responsible employee who has compared with a standard

clock.

104. (7) Employees whose duties may require them to give signals,

must provide themselves with the proper appliances, keep them in good

order, and ready for immediate use.

105. (8) Flags of the prescribed color must be used by day, and

lights of the prescribed color by night.

106. (9) Day signals must be displayed from sunrise to sunset, but

when day signals cannot be plainly seen, night signals must be used in

addition. Night signals must be displayed from sunset to sunrise.
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107. (10) Color-Signals.

Color
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Sound
(a)

(b)

(c)

(d)

(e)

(f)

(g)
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By day, green (or yellow) flags, or market lamps (not lighted) : By
night, green (or yellow) lights to the front and side and red lights to

the rear; except when the train is clear of the main track, when green

(or yellow) lights must be displayed to the front, side and rear.

117. (20) All sections except the last will display two green flags,

and, in addition, two green lights by night, in the places provided for

that purpose on the front of the engine.

118. (21) Extra trains will display two white flags and, in addi-

tion, two white lights by night, in the places provided for that purpose

on the front of the engine.

119. (22) When two or more engines are coupled, each engine shall

display the signals as prescribed in Rules 117 (20), 118 (21).

120. (23) One flag or light displayed where in Rules 116 (19), 117

(20) and 118 (21) two are prescribed will indicate the same as two; but

the proper display of all train signals is required.

121. (24) When cars are pushed by an engine, except when shifting

or making up trains in yards, a white light must be displayed on the

front of the leading car by night.

122. (26) A blue signal, displayed at one or both ends of an engine,

car or train, indicates that workmen are under or about it; when thus

protected, it must not be coupled to or moved. Workmen will display

the blue signals and the same workmen are alone authorized to remove

them. Other cars must not be placed on the same track so as to inter-

cept the view of the blue signals, without first notifying the workmen.

Use of Signals

150. (27) A signal imperfectly displayed, or the absence of a signal

at a place where a signal is usually shown, must be regarded as the most

restrictive indication that can be given by that signal, and the fact re-

ported to the Conductors and enginemen using a switch

where the switch light is imperfectly displayed or absent, must also, if

practicable, correct or replace the light.

151. (28) A green and white signal will be used to stop a train

only at the flag stations indicated on its schedule. When it is necessary

to stop a train at a point that is not a flag station on its schedule, a red

signal must be used.

152. (29) When a signal, except a fixed signal, is given to stop a

train, it must, unless otherwise provided, be acknowledged as prescribed

by Rule 112 (14) (g) or (h).

153. (30) The engine-bell must be rung when an engine is about to

move and while approaching and passing public crossings at grade.

154. (31) The whistle must be sounded at all places where required

by rule or by law.

155. (33) Watchmen stationed at highway crossings must use stop

signals when necessary to stop trains. They will use

.signals to stop highway traffic.
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156. (35) The following signals will be used by flagmen:

Day Signals—A red flag, torpedoes and fusees.

Night Signals—A red light, a white light, torpedoes and

fusees.

157. (99) When a train stops under circumstances in which it may
be overtaken by another train, the flagmen must go back immediately

with flagman's signals a sufficient distance to insure full protection,

placing two torpedoes, and when necessary, in addition, displaying lighted

fusees.

When signal 112 (14), (d) or 112 (14) (e) has been given to the

flagman and safety to the train will permit, he may return. When the

conditions require he will leave the torpedoes and a lighted fusee.

The front of the train must be protected in the same way, when neces-

sary, by the

When a train is moving under circumstances in which it may be

overtaken by another train, the flagman must take such action as may
be necessary to insure full protection. By night, or by day when the

view is obscured, lighted fusees must be thrown off at proper intervals.

When day signals cannot be plainly seen, owing to weather or othei

conditions, night signals must also be used.

Conductors and enginemen are responsible for the protection of

their trains.

158. Motor, hand, velocipede and push cars, when in use, must be

protected as prescribed by rule 157 (99).

Rules for the Government of Employees Working On or About

the Track

200. It is the duty of every employee working on or about the track,

to exercise care to avoid injury to himself and others.

201. On the approach of a train, employees who are working on or

about the track must move to a place of safetJ^ They must not work

or stand on the tracks, except when necessary for the proper performance

of their duties.

202. Watchmen, Patrolmen, Trackwalkers and others on duty, which

makes it necessary for them to be on the track, where there are two

or more tracks, should, when practicable, walk against the current, of

traffic, keeping sharp lookout in both directions for approaching trains.

203. Foremen or others in charge of employees, working on or about

the tracks, must instruct their men to be alert, watchful, and to keep

out of danger ; and will take the necessary precautions to see that all

men working under their immediate supervision receive warnings of

approaching trains in time to reach a place of safety.

204. Foremen, Watchmen and others in charge of gangs or squads

of workmen, should provide themselves with a whistle and should use

same in warning the men of approaching trains, or when it is necessary

for them to clear the tracks and move to a place of safety.
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205. When large numbers of inexperienced men are working on the

track, it is desirable to divide them into small squads, and place each

squad in charge of an experienced man, and take such other additional

precautions as will provide for the safety of the men.

206. In handling rails, ties and other heavy materials, special care

must be used to avoid injury.

207. Employees working in or near the end of a tunnel, when a train

approaches from either direction, must stand clear of all tracks, and if in

the tunnel should occupy the man holes. If there is insufficient clearance

or no man holes, arrangement must be made to work under flag protection.

208. Employees are required to carry lights when passing through

any tunnel where men cannot readily be seen. When an entire gang

is working close together, an adequate number of lights should be used,

but not less than two.

209. Motor, hand, velocipede or push cars must not be used when
approaching trains cannot readily be seen by reason of fog, storm or

snow, except under proper protection.

210. Any employee, who while on duty, is careless about the safety

of himself or others or who disregards warnings, will be disciplined.

211. Foremen, Watchmen and others in charge of gangs or squads

of workmen, should consider it .their personal duty to assist in keeping

the tracks, yards and foot paths along them free of any obstacle which

might be the cause of injury to others.

Rules for the Operation of Motor, Hand, Velocipede and Push Cars

260. Emploj'ees to whom cars are assigned are responsible for the

proper use and condition of cars in their charge. A report must be

made to their superior officer if the car is in need of repairs or is, in

their opinion, unsafe to operate.

261. No one except a responsible employee who has been properly

qualified will be allowed to operate motor, hand or velocipede cars upon
the main track.

262. Before cars are used, an inspection must be made to be sure

that the running gear, brakes, etc., are in good operating condition ; that

a sufficient supply of gasoline is in the tank of motor cars and that

the car is properly lubricated. After the car is started, the brakes must
be tested immediately to be sure that they are in working condition.

263. Motor, hand and velocipede cars are to be used only for

transporting workmen and tools. Heavy material must not be carried

on them, except in emergency. Push cars must be used to transport

such heavy materials as ties, rails, frogs, etc.

264. Employees must not get on or oflf a moving car from the front

or side. The use of seats on the ends of hand or push cars is forbidden.

265. Tools must be placed on cars with care. Track jacks or other

tools must not be carried on the front of the car.

266. Employees operating motor, hand or velocipede cars must pro-

vide themselves with whistle or other device, which must be sounded
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at all highway grade crossings and at all other points when necessary

to warn workmen or others of the approach of the car.

267. Employees operating cars on main tracks shall, when prac-

ticable, obtain information regarding trains, but such information wili

not relieve them from the responsibility of protecting their cars. They
will see that their cars are clear of the main track for regular scheduled

trains and, when blocked by an operator or the dispatcher, will report

clear when out of the block or clear of the main track. No open tele-

graph office should be passed without stopping and ascertaining the

location of all trains.

268. Where practicable, cars should be run on outside main tracks

or on sidings in the direction of traffic. A sharp lookout should be

maintained in both directions, where possible.

269. When approaching road crossings at grade, the car must be

under complete control, and the employee in charge must know that

highway travelers will not be endangered, before going on the crossing.

If the crossing is protected by flagman, the operator must get signal from

him before proceeding. When required by rule or law, a proper warning

must be given approaching all highway crossings at grade.

270. Cars must not exceed a speed of 8 miles per hour when passing

through stations or yards, over switches or through interlocking, over

frogs, railroad, highway or farm crossings at grade. At all other points,

hand cars are restricted to 10 miles per hour and motor cars to 20 miles

per hour. Cars must be stopped, when practicable, during passage of

a train on an adjacent track.

271. Cars must be operated with care in passing trains receiving or

discharging passengers at stations and must not be run between such

trains and the station.

272. Motor cars should not be run through the spring rail side of

frogs. Main track switches must not be opened to use siding for cars

except when loaded too heavy to lift over the rails. When necessary

to open the switch for a loaded car, the employee in charge of the car

shall personally unlock and lock the switch as provided in Rule 26.

273. Cars must not be attached to engine or trains nor run closer

than 500 feet behind moving trains.

274. The space between two or three hand cars when running should

not be less than 300 feet; that between two or three motor cars or a

hand car and a motor car should not be less than 600 feet. A car in

advance must not be stopped until the following car has been signaled.

The employee in charge of two or three cars so run must ride on the

second car. When more than three cars are run, they must be divided

into groups of three or less, the front car of each group being run not

less than 1,200 feet behind the last car of the preceding group, and each

group being run as specified above.

275. When motor, hand, velocipede or push cars are operated at

night or during fog, storm, snow or through tunnels, they must be

eciuipped with a white light in front and a red light to the rear.
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276. Cars must be removed from the track or protected by flag when
not in use. When they cannot be removed from the track to clear an

approaching train, they must be protected as required by Rule 157 (99).

277. A copy of the current timetable must be carried on all hand

and motor cars and, in addition, the following signal equipment:

— torpedoes

2 red flags

2 red lanterns

2 white lanterns

— fusees

278. Torpedoes exploded by motor, hand, velocipede or push cars

must be replaced.

279. Cars must not be overloaded. Brakes should be applied gradu-

ally and emergency stops should be made only when absolutely necessary.

280. Hand and push cars should not be run with motor cars, but if

necessary to do so, they must be coupled behind and never pushed

ahead. When hand or push cars are coupled, the speed of the motor car

must be reduced to the maximum speed provided for hand cars in Rule 270.

281. Employees in charge of motor cars must not permit occupants

to sit in insecure or careless positions, nor permit any smoking or

uncovered lights around motor cars when tanks are being filled or

gasoline handled. Motor cars must not be inspected with matches or

torches. All moving parts should be guarded.

282. Motor cars must not be shipped on trains unless absolutely

necessary. When necessary to ship them, the gasoline tanks must be

drained.

283. Only insulated cars should be used where there are track circuits.

284. When cars are removed from the track they must be placed

not less than five feet from the near rail, and so located that they can-

not foul the track. They must not be set off or left standing within

the full legal width of highway or private road crossing at grade,

except in cases of emergency. When necessary, on account of emer-

gency, in clearing trains, cars may be set off at crossings but must be

protected by an employee and Immediately removed when the emergency

is passed. They must be kept locked when not in sight of the men in

charge and, at night, and at other times, when not in use, should be kept

under cover.

Organization—Duties of Divisional Maintenance Officers

300. On a division some one officer is usually in charge of the Main-

tenance of Way Department and, reporting to him are subordinate officers

who are directly responsible for the maintenance of the property.

The duties of these officers, as hereinafter outlined, are typical and of

general application to their respective positions, regardless of the title the

individual occupying the position may have.

These subordinate divisional officers, in their respective departments.
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have foremen and others reporting to them and the foreman is usually

the officer under whose immediate supervision the skilled and unskilled

laborers perform their work.

The divisional officer in charge of the Maintenance of Way Depart-

ment is the Division Engineer.

Division Engineers

310. Division Engineers report to and receive instructions from
the

311. They are responsible on their respective divisions for such

Maintenance of Way matters as are assigned them. They will have

supervision over the persons employed in their department, see that they

understand and obey the rules and regulations in force, and that the

work is carried on in a proper, careful and economical manner; that the

records of time and material are correctly and properly kept, and that

the necessary and required reports, covering the time worked and the

material used, are promptly and properly made.

Supervisors of Track

320. Supervisors of Track report to and receive instructions from

the Division Engineer.

321. They are in charge, in their respective districts, of the main-

tenance of tracks, their appurtenances and of the employees engaged

thereon.

322. They shall have immediate supervision of work train service

for the maintenance of tracks, using such service only when properly

authorized by the Division Engineer.

323. They must make the prescribed inspections of track, roadway,

station grounds, and driveways under their charge and when necessary

arrange for prompt repairs of any defects or improper conditions found.

324. They must know that the Foremen, track laborers and others

under their supervision fully understand and properly perform their

duties; keep account of, and report their time in the manner prescribed

and discipline them when necessary.

325. They must know that the Foremen are supplied with tools and

material necessar>' for the efficient performance of their duties and that

these are properly used.

326. They shall keep themselves informed in regard to all work

performed upon tracks and roadway in their districts, by contractors or

others, who may not be under their supervision ; see that the work is

done in such a way as not to endanger the safety of tracks or roadway

and report promptly to the proper officer, if the work is not being

done in accordance with the plans and specifications or according to

prescribed standards.

327. In case of damage to tracks or roadway, they shall promptly

assemble men and material, proceed to the place of accident as quickly
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as possible and make the necessary repairs. They shall investigate all

accidents to track and roadway and report promptly to the proper officer

on the prescribed form.

328. They must know that the vicinity of all bridges and trestles

is clear of combustible matter, and that the bridge seats, tops of the

piers and other readily accessible portions of bridges and trestles are

clear of cinders and dirt, and that the water barrels are kept full of

water.

329. They shall see that the waterways and the approaches and

outlets thereto are free from obstructions.

330. They shall not permit encroachment upon or occupancy of

any portion of the Company's buildings, right-of-way or station grounds,

except upon proper authority.

Section Foremen

350. Section Foremen report to and receive instructions from the

Supervisor of Track.

351. Unless otherwise directed, Section Foremen will have imme-
diate charge of, and be responsible for the safe condition of tracks,

roadway, and right-of-way on their sections, and for the economical

use of labor and material in their maintenance. They must do no work
thereon that will interfere with the safe passage of trains, except

under proper protection.

352. Each Foreman must go over his section or send a competent

reliable man with suitable tools, at designated intervals, to make a

thorough inspection, and see that the track, culverts, highway crossings,

bridges, fences, etc., are in safe condition. If, in his judgment, the

track or any bridge or culvert is not safe, he must at once put out

proper signals to warn approaching trains, notify the Supervisor of

Track, Division Engineer and the Superintendent of the condition and

do everything in his power to make the necessary repairs.

353. Section Foremen will have full charge of all forces under

them, and shall employ the number of men the Supervisor of Track

directs. They must see that their men properly perform their duties,

and shall discipline those who are incompetent or neglectful. They
must keep the records and make the required reports of the time of

their men, and of the receipt, distribution, and use of the material fur-

nished them.

354. In case of accident. Section Foremen must immediately pro-

ceed to the scene and render all assistance in their power, whether the

accident occurs on their own or a neighboring section.

In the absence of the Supervisor or other ranking officer, the Section

Foreman on whose section the accident occurs, will have charge of the

assembled track forces, and shall be responsible for the character of

the repairs made. He must not allow the track to be used until it is

known to be safe.
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355. Section Foremen shall investigate all accidents resulting in

derailment or in damage to the track, roadway, or structures on their

sections, and report on the prescribed form, giving the cause, as nearly

as they are able to ascertain it.

356. They must keep themselves informed in regard to work per-

formed on their sections by contractors or others who do not come
under their charge, and see that nothing is done by them that will

interfere with the safety of tracks or the safe passage of trains.

357. They shall make a personal inspection of their sections at

designated intervals, examining particularly main track switches and

frogs, looking for concealed defects or breaks.

358. Thej' must give special attention to points where obstructions

are likelj' to occur, examine the slopes of cuts, and promptly remove

all earth, trees, rocks, or anything likely to fall or slide upon the track,

reporting such conditions to the Supervisor of Track.

359. Section Foremen shall maintain surface ditches in such a

manner that the surface water is carried beyond the cut.

360. Section Foremen must keep the ditches and waterways leading

to and from bridges and culverts clear within the limits of the right-of-

way. They must remove accumulated drift and obstructions from

trestles, culverts, and bridges after each storm, calling for assistance,

when needed,

361. During heavy storms or high water, whether by day or night,

whereby tracks or structures are liable to be damaged. Foremen and
such of their forces as they deem necessary, must be on duty. At such

times, they must go over their sections to make sure that the track is

safe, taking stop signals with them.

362. They must see that Watchmen are properly detailed to patrol

the track, watch bridges, or perform other duties, whenever necessary,

for the safety of track and structures.

363. They must keep a careful lookout for fires along the track.

and prevent, if possible, the destruction of buildings, fences, telegraph

poles, timber, or other material, and the spread of fires to adjoining

property. They must not permit fires to be started unless they have

sufficient force to keep them under control.

Fires discovered on adjoining property must be promptly extin-

guished, if possible, and a report of the damage and origin, if it can

be ascertained, made on the prescribed form.

364. They must keep the ground under and near buildings, bridges

and trestles cleared of vegetation and combustible matter. Where water

barrels are in use, they must keep them filled with water. They must

keep bridge seats, tops of piers, and other readily accessible portion'.,

of bridges and trestles free from cinders, dirt and vegetation.

365. They must keep interlocking pipe lines and trunking free from

grass and weeds, and switches, frogs and movable parts of interlocking

plants free from snow, ice, and other obstructions. They must give
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special attention to drainage through interlocking plants and where track

circuits are used.

366. When track work is to be done which may disturb interlocking

or signal apparatus, there shall be co-operation between the Section Fore-

man and the Signal Maintainer or Foreman.

367. They must give special attention to the maintenance of road

crossings, both as to safety and quality of track and as to the safe' and

comfortable accommodation of the highway travel on the crossing and

approaches.

368. They must not permit any encroachment upon the Company's

property or occupancy of any portion of the Company's buildings or

grounds without proper authority.

Extra or Floating Gang Foremen

380. Extra or Floating Gang Foremen, in charge of trackmen,

report to and receive instructions from the Supervisor of Track.

381. They will have full charge of all forces under them, perform

such duties and employ the number of men the . Supervisor of Track

directs.

Watchmen
400. Track, Bridge* and Tunnel Watchmen report to and receive

instructions from the Section Foremen.

401. Track Watchmen must carefully examine the track and roadbed

and see that they are in safe condition and that all switches are properly

set and locked for the main track. They must examine buildings and

other property of the Company and protect them from theft and fire.

Should the track be obstructed, the Watchman must display stop signals

in either direction from which trains may approach, and immediately

notify the and the Section Foreman.

402. Bridge Watchmen must keep a supply of water or sand on

the bridges at all times and be prepared to extinguish fires. They shall

keep the coping of the abutments and piers clean, remove combustible

materials from near the bridges and frequently examine them and

report any defects found. Should they observe any obstruction of a

dangerous character, they must display stop signals in either direction

from which trains may approach, and immediately notify the

403. Tunnel Watchmen must make frequent trips through the tun-

nels, observing the condition of the tracks, particularly the rails, and

also observe the walls of the tunnel, removing in winter all icicles which

may become dangerous to traffic. In case obstructions occur which

would endanger trains, they must at once display stop signals in either

direction from which trains may approach and immediately notify

the

404. When the time of Track, Bridge, or Tunnel Watchmen is not

fully occupied with watching, they will perform such other duties as

may be assigned them.

•Refers to watchmen patrolling bridges, not to structure watchmen.
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Supervisors of Bridges and Buildings

420. Supervisors of Bridges and Buildings report to and receive

instructions from the Division Engineer.

421. They are in charge, on their respective districts, of the main-

tenance of bridges and structures, and of the employees engaged thereon.

422. They shall have immediate supervision of work train service

for the maintenance of bridges and structures, using such service only

when properly authorized by the Division Engineer.

423. Supervisors of Bridges and Buildings must make the prescribed

inspections of the structures and appliances under their charge, and

make the required reports.

424. They must know that the foreman and others under their

supervision fully understand and properly perform their duties; keep

account of and report their time in the manner prescribed and discipline

them when necessary.

425. Thej' must know that the foremen are supplied with tools and

material necessary for the e. .cient performance of their duties and

that these are properly used.

426. They shall keep themselves informed in regard to all work
performed, upon bridges and structures in their districts by contractors,

or others, who may not be under their supervision ; see that the work is

done in such manner as not to endanger the safety of tracks, bridges or

structures, and report promptly to the proper officer, if the work is not

being done in accordance with the plans and specifications or according

to prescribed standards.

427. In case of damage to bridges or structures they shall promptly

assemble men and material, proceed to the place of accident as quickly

as possible, and make necessary repairs. They shall investigate all

accidents to bridges and structures, and report promptly to the proper

officer on the prescribed form.

428. They shall know that water barrel or sand box rests on all

timber bridges and trestles are in repair and supplied with barrels and

buckets, and that station and other structures are equipped with the

necessary water barrels, buckets and other appliances for use in case

of fire.

General Foremen

440. General Foremen in the Bridge or Building Department re-

port to and receive instructions from the Supervisor of Bridges and

Buildings. All rules for the guidance of Supervisors of Bridges and

Buildings apply to General Foremen in that Department.

441. They will have charge, under the Supervisor of Bridges and

Buildings, of all bridges and structures in their respective districts; will

have general oversight of the work being performed on such bridges

and structures and will perform such other duties as may be assigned

them by the Supervisor.
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Motor Car Foremen

443. Motor car foremen report to and receive instructions from

444. They will instruct all operators of motor cars, portable air

compressors, or other gasolene engines in the operation and care of the

machines.

445. They will inspect all such machines at regular intervals and

make such repairs as can be made in the field.

446. They will keep the stock of repair parts replenished in ac-

cordance with standard list.

447. They will personally see that before a new device is put in

service that the operator has a proper understanding of the operation

of his machine.

448. They must see that forms covering cost and performance reports

are properly kept by the operators of the machines.

Bridge and Building Foremen

450. Bridge and Building Foremen report to and receive instructions

from the Supervisor of Bridges and Buildings.

451. They are responsible for the safe, proper, and economical per-

formance of the work assigned to them. They must do no work on

a bridge or structure which will interfere with the safety of trains,

except under proper protection.

452. They will have full charge of all forces under them and shall

employ such forces as the Supervisor of Bridges and Buildings directs.

They must see that these men properly perform their duties, and shall

discipline those who are incompetent or neglectful. They must keep

the records and make the required reports of the time of their men, and

of the receipt, distribution, and use of material, furnished them.

453. They will have charge of, and are responsible for such tools

and material as are necessary for the performance of their work, and

must know that these are properly used.

454. The completion of any work includes the cleaning of the

premises, proper disposition of debris, and removal of usable materials.

Mason Foremen

460. Mason Foremen report to and receive instructions from the

Supervisor of Bridges and Buildings.

461. They are responsible for the safe, proper, and economical per-

formance of the work assigned to them. They must do no work on a

bridge or structure which will interfere with the safety of trains, except

under proper protection.

462. They will have full charge of all forces under them and shall

employ such forces as the Supervisor of Bridges and Buildings directs.

They must see that these men properly perform their duties, and shall
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discipline those who are incompetent or neglectful. They must keep the

records and make the required reports of the time of their men, and oi

the receipt, distribution, and use of material furnished them.

463. They will have charge of, and are responsible for, such tools

and materials as are necessary for the performance of their work, and

must know that the tools and material are properly used.

464. The completion of any work includes the cleaning of the

premises, proper disposition of debris, and removal of usable materials

Painter Foremen

470. Painter Foreman report to and receive instructions from the

Supervisor of Bridges and Buildings.

471. They are responsible for the safe, proper, and economical per-

. formance of the work assigned to them. They must do no work on

bridges or structures which will interfere with the safety of trains

except under proper protection.

472. They will have full charge of all forces under them and shall

employ such forces as the Supervisor of Bridges and Buildings directs

They must see that their men properly perform their duties and shall

drscipline those who are incompetent or neglectful. They must keep

the records and make the required reports of the time of their men
and of the receipt, distribution and use of material furnished them.

473. They will have charge of and are responsible for such tools

and materials as are necessary for the performance of their work, and

must know that these are properly used.

474. Painter Foremen must examine the rigging and exercise care

in the erection of rigging and scaffolding, and must know that they are

safe before permitting them to be used.

475. The completion of any work includes the cleaning of the

premises, proper disposition of debris, and removal of usable materials.

Supervisor of Water Service

490. The Supervisor of Water Service reports jointly to the Divi-

sion Engineer and the Superintendent or Engineer of Water Service.

491. He is responsible for all matters pertaining to water service on

the local division and may also have charge of the plumbing and heating

facilities of all buildings.

492. He will have charge of Water Service or Gang Foremen,

repairmen and pumpers.

Water Service or Gang Foremen

495. Water Service or Gang Foremen report to and receive instruc-

tions from the Supervisor of Water Service.

496. They are responsible for the safe, proper and economical per-

formance of work assigned to them. They must do no work which will

interfere with the safety of trains except under proper protection.
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497. They will have full charge of all forces under them and shall

employ such forces as directed. They must see that their men properly

perform their duties, and shall discipline those who are incompetent or

neglectful. They must keep the records and make the required reports of

the time of their men and of the receipt, distribution and use of material

furnished them.

498. They will have charge of and be responsible for such tools

and materials as are necessary for the performance of their work and

must know that these are properly used.

499. They will have charge of and be responsible for the main-

tenance of water stations including wells, pipe lines, tanks, water columns,

heating plants, windmills or other facilities used in connection therewith.

They may also be responsible for the maintenance of the plumbing and

heating facilities in all railway buildings in their territory.

500. In connection with their regular duties, they must interest them-

selves in the subject of water waste and see that all valves are properly

maintained and used so as to avoid waste ; also check water bills and

read water meters.

501. With the exception of those locomotive terminals where fire

protection facilities are handled by the Mechanical Department, they will

be responsible for the maintenance of fire pumps, hydrants, hose or other

facilities required for fire protection.

502. They must order and have available at all times material for

replacement of those parts of the machinery in their charge which are

subject to exceptional wear or liability of breakage.

503. When necessary to take any water tank, water column, or any

facilities affecting the operation of other departments out of service,

either temporarily or permanently, foremen will notify their superior

officer and must not, except in emergency, proceed with the work until

authority is obtained. If an emergency exists they shall notify the head of

the Division Operating Department and also their superior officer by wire.

When the facility is restored to service, proper notice must be given.

504. They must at all times keep the Supervisor of Water Service

and the Chief Dispatcher advised of their movements so that they may
be quickly located in case of emergency.

Pumpers

510. Pumpers report to and receive instructions from the Supervisor

of Water Service.

511. The pumper is in charge of the local water supply and will be

held responsible for the general condition of the entire plant. His first

duty is to see that there is an ample supply of water for locomotive use

available at all times.

512. In case of trouble that effects the water supply, the pumper
must wire the Chief Dispatcher as well as the Supervisor of Water Service

stating fully the trouble, what is needed for repairs, and approximately
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how much water remains on hand. He must make frequent inspection

of all parts of the plant, make all repairs within his power and avoid

sending for repairmen except when absolutely necessary. He will be

responsible for the safe keeping and the economical use of supplies fur-

nished and also place orders for fuel and other supplies in ample time to

avoid a shut-down of the plant.

513. In freezing weather, he must see that all parts which are liable

to freeze, are drained.

514. Conditions which may affect the quality of the water or which

may affect the supply at the source should be immediately reported to the

Supervisor of Water Service. Coal and cinders should not be dumped
where they are likely to affect the quality of the water supply.

515. Such records shall be kept on specified forms as may be required

by the Superintendent or Engineer Water Service.

516. The pump house must be kept neat and clean and every precau-

tion taken against loss or damage by fire. Waste or other combustible

material, if necessarily stored in the pump house, must be kept in an iron

receptacle having a suitable cover. The station supply of oil and gasoline

must be stored outside the building in proper receptacles.

517. The machinery must be inspected daily and adjustment made to

maintain efficiency and to prevent undue wear or a possible breakdown.

Particular attention must be given to the packing and lubricating of all

parts. The pumper must be familiar with the location and the purpose

of all steam and water pipes, valves, levers, etc., so that in case of acci-

dent or leaks the controlHng valves may be properly used. He must also

be thoroughly familiar with the proper care and the operation of the steam

plant, the internal combustion engine or the electric motor which may
be used for the operation of the pumping machinery.

518. Pumpers will keep a daily record of water pumped and, if at a

treating plant, a record of the chemicals used each day. They will, as far

as practicable, watch the operation of water columns or other facilities

at their station and promptly report any defects. If employees do not

properly handle such facilities the facts should be promptly reported

together with engine number, date and time.

Supervisors of Signals

(Any rule preceded by a number in parenthesis is a rule of the Signal
Section, American Railway Association, of that number.)

530. (701) Supervisors of Signals report to and receive instructions

from the Division Engineer.

531. (702) They shall be responsible for the safe condition and

proper maintenance of signals and interlocking plants and shall perform

such other duties as may be assigned to them.

532. (703) They must make frequent inspections of signals and in-

terlocking plants and have necessary repairs made as promptly as condi-
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tions require. They must see that all failures of signals and interlocking

plants are properly investigated and report made on proper form.

533. (704) They shall, as necessarj', employ men for carrj-ing out

the duties for which they are responsible.

534. (709) They must know that Foremen are supplied with tools

and material necessary for the efficient performance of their duties, and

see that these are properly used and cared for.

535. (711) They shall keep themselves informed in regard to all

work performed on their district by contractors, or others who do not

come under their charge, so that nothing is done by them that will inter-

fere with the safe operation of signals and report promptly to the Divi-

sion Engineer, if the work is not done in accordance with prescribed

standards.

536. (706) They must, in case of damage to signals or interlocking,

promptly assemble forces, tools and material to make necessary repairs.

537. (707) They shall investigate and report on accidents which may

be attributable to defects in, or result in damage to the signal apparatus.

538. (712) They shall have immediate supervision of work train serv-

ice for the maintenance of signals and interlocking plants in their dis-

tricts and employ such ser\'ice only when authorized by the Division

Engineer.

539. They must not make or permit to be made any alterations or

additions to the interlocking or signal apparatus without proper authority.

Such authorized changes or additions as are made must be reported to

the proper authority immediately upon their completion, so that the other

departments affected may have such information.

540. (713) They must know that the Foremen are provided with the

rules, circulars, forms and special instructions pertaining to their duties

and that they fully understand and comply with them.

(
Signal Foremen

550. (725) Signal Foremen report to and receive instructions from

the Supervisor of Signals.

551. (726) They shall be responsible for the proper installation and

safe condition of signals and interlocking plants under their charge, and

shall do no work thereon that will interfere with the safe passage of

trains, except under proper protection.

552. (728) They will have full charge of such forces as the Super-

visor of Signals directs. They must see that these men properly perform

their duties and shall discipline those who are incompetent or neglectful.

They must keep the records and make the required reports of the time of

their men, and of the receipt, distribution and use of material furnished

them.

553. (733) They shall be responsible for the proper care and use of

tools and materials necessary for the efficient performance of their duties,

and shall make requisition to the Supervisor of Signals from time to

time as additional supply becomes necessary.
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554. When any part of an interlocking plant is to be repaired, an

understanding must be reached with the signalman on duts", in order to

insure safe movement of trains and engines during repairs. The signal-

man on dut\- must be notified when the repairs are completed.

555. Signal Foremen must notify the Super\-isor of Signals, in

advance of any work requiring the removal from service of any part

of signal or interlocking apparatus, and such apparatus must not be taken

out of service until proper authority is obtained.

556. The completion of anj- work includes the cleaning of the

premises, proper disposition of debris and removal of usable material.

Signal Maintainers

560. Signal Maintainers report to and receive instructions from the

Supervisor of Signals.

561. (31) Maintainers are responsible for the inspection, adjustment

and proper maintenance of signal and other apparatus assigned to their

care.

562. (32) Maintainers must personally instruct their subordinates

with a view to safety-, efficiency and economy.

563. (33) An assistant maintainer in the absence of a maintainer

will consider himself in charge, unless a substitute has been pro\-ided. He
must open all railroad mail addressed to the maintainer and perform all

the latter'^s duties.

564. (34) Maintainers must systematize their work, performing cer-

tain duties on certain days in orderly sequence, consulting the Supervisor

of Signals as to the most efficient system to be followed.

565. Maintainers shall have full charge of such forces as the Super-

visor of Signals directs. Thty must see that these men properly perform

their duties. They must keep the records and make the required reports

of the time of their men, and of the receipt, distribution and use of the

material furnished them.

566. (35) Maintenance forces shall have correct plans of all work

under their care. These must be kept in good order and where they will

be available when required.

567. (37) Alterations or additions must not be made unless author-

ized by the Supervisor of Signals.

568. (38) Apparatus must not be taken out of service without proper

authority', except for immediate replacement or in case of emergenc}-, when

the Supervisor of Signals must be notified promptly.

569. (40) Tool houses, block and interlocking stations, signal ap-

pliances, etc., must be kept clean and surroimdings free from rubbish and

weeds. Inflammable material must not be stored in, against or tmder

buildings, unless provisions are made for safe storage of same.

570. (42) Scrap and salvage material must be collected at head-

quarters and shipped in accordance A\-ith instructions.

571. (43) Material must be stored in a place provided for that purpose.
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572. (44) Material delivered on the line must be neatly arranged

and small parts properly secured from theft.

573. (45) Housings, containing signal appliances, must be kept se-

curely locked.

574. (46) When inspecting a signal station, check emergency tools,

and if any are missing, see that they are immediately replaced and report

to the Supervisor of Signals.

575. (47) Proper tools, in condition for immediate use, must be

kept on hand at all times. A report of tools on hand must be made to the

Supervisor of Signals, when required, or whenever transferred or pro-

moted.

576. (48) Electrical measuring instruments must be handled with

extreme care. Shippmg instructions for damaged instruments will be fur-

nished by the Supervisor of Signals on request,

577. (49) Employees must be on the alert to detect defects in main

tenance, design, manufacture and installation of apparatus under their

care. No chances should be taken with defective material, but it must

be promptly replaced with material in perfect condition and full report

made to the Supervisor of Signals in writing.

578. When any part of an interlocking plant is to undergo repairs,

an understanding must be reached with the signalman on duty, in order to

insure safe movement of trains and engines during repairs. If it is

necessary to disconnect any switch, movable point frog or derail, it must

be safely secured in proper position before permitting trains or engines

to pass over it.

579. Signal Maintainers must notify the Supervisor of Signals before

taking any signal or interlocking apparatus out of service, and authority

must be obtained, except in emergency, before such apparatus is taken out

of service. Should an emergency arise which requires removal from

service of any apparatus, signals must display their most restrictive indica-

tion ; switches, movable point frogs and derails must be safely secured

in correct position and Supervisor of Signals, Division Engineer and

Superintendent immediately notified by wire.

580. (50) In case of severe storms, maintainers should go to any

points on their territory where they feel that trouble is likely to occur,

keeping in touch with the telegraph office so that they will be available

in case of trouble elsewhere.

581. (51) After a heavy wind storm, inspect pole line, signal blades

and other signal apparatus subject to damage.

582. (52) In case of severe electrical storm, make inspection as

soon as storm ceases, and clear any cases of trouble by replacing or

repairing damaged electrical appartus.

583. (53) In case of snow or sleet storm, interlocking plants should

be watched carefully to see that switches, pipe lines, etc., are kept clean

and in operation ; that the leverman observes rules requiring him to

operate levers from time to time to keep them from freezing, and that

sufficient forces are available to keep switches, etc., free from obstruction.
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Remove snow and ice from signal blades, roundels and other movable
parts where it might prevent proper operation or indication of apparatus.

584. In case of accident or serious damage to interlocking or signal

apparatus in their territory, Signal Maintainers must immediately proceed

to the place, asking for such assistance and material as may be required,

and make repairs promptly.

585. (54) Failures should be given preference over all other work
in the following order:

(a) Improper proceed signal.

(b) Highway crossing device failing to indicate approaching
trains.

(c) Improper clear indicator.

(d) Electrical and mechanical locking devices failing to

function so as to provide safety for the movement of
trains.

(e) Single track automatic signals failing to assume a proceed
indication.

(f) Interruptions at interlocking plants.

(g) Other failures.

586. (55) A thorough investigation must be made of every reported

failure and the trouble must not be reported as due to a cause which is

only suspected. In all cases endeavor to definitely determine the trouble

and eliminate the true cause.

587. (56) In all cases of failure, damage, or other irregularities, a

brief report must be forwarded promptly to the Supervisor of Signals,

stating cause, nature and extent of damage and time repairs were com-

pleted. As soon as possible after repairs have been completed. Signal

Maintainer must render proper report and forward same to the Supervisor

of Signals with the least possible delay, retaining copy for reference.

588. (36) Temporary repairs or adjustments must not be made except

when permanent work cannot be finished promptly. Permanent repairs

or adjustments must be made as soon thereafter as possible.

589. (57) If an accident may have been caused, or is alleged to have

been caused, by defects in the signal apparatus, a thorough examination

must be made immediately of all parts involved, and telegraphic report

sent at once to the Supervisor of Signals.

590. (61) Signal Maintainers must co-operate with track forces in

joint track and signal work, to see that signal apparatus is maintained

in proper condition.

591. Signal Maintainers shall make such inspection and repairs of

signal apparatus under their charge as will secure proper operation. They
must inspect the signal lights on their territories at regular intervals and

make report to the Supervisor of Signals.

592. (64) A switch in signal territory not provided with complete

signal protection must be safely secured and when for any reason switch

is to be operated, the signals governing train movements over such switch

must be secured so as to display their most restrictive indication.
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593. (65) If track is found to be unsafe for trains, due to broken

rail, or other cause, signals must be secured to display their most restric-

tive indication and immediate steps taken to protect trains by flag, notify-

ing section foreman and proper officials so that the defect may be remedied

as quickly as possible.

594. (70) Frequent inspection and tests must be made to insure that

all signal appliances, including machine locking, etc., are kept in proper

condition.

Telegraph and Telephone

(The rules with reference to Telegraph and Telephone employees
were prepared by the Telegraph and Telephone Section and approved by
the A.R.A.)

General Foreman of Telegraph and Telephone

600. The General Foreman of Telegraph and Telephone shall report

to and receive instructions from the Superintendent of Telegraph and

Telephone. He shall supervise the construction and maintenance of all

telegraph and telephone pole lines, wires and their appurtenances and such

equipment work as may be assigned to Telegraph and Telephone Main-

tainers—Section Linemen.

601. When a pole line is to be totally reconstructed or poles required

to be moved, the location of such pole line, or of fixtures on bridges and

structures, must be agreed to by the Engineering Department.

602. He must make frequent inspection of all telegraph and tele-

phone pole lines, wires, appurtenances and equipment under his charge

and make the required reports.

603. He must know that Foremen, Maintainers and others, under his

supervision, fully understand and properly perform their duties, keep

account of and report their time in the manner prescribed and administer

discipline when necessary.

604. He must know that Foremen and Maintainers are supplied with

tools and material necessary for the efficient performance of their duties

and that they are properly used. ,

605. He shall keep himself informed in regard to all work being

performed by contractors or others, who may not be under his supervision,

which might affect the telegraph and telephone plant and report to the

proper officer if the work is being done in such a way as to endanger the

telegraph and telephone interests.

606. In case of storms, washouts, accidents or other occurrences caus-

ing prostration of the pole lines or otherwise affecting the circuits, he

shall obtain full information of the extent of the damage, communicate

promptly with the interested officials, assemble men and material where

necessary and proceed to the point of interruption with the greatest pos-

sible haste to make the required repairs.
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607. He must investigate failure or improper working of the plant

and take action that will insure repairs being made promptly.

608. He must not make, or permit to be made, any alterations or addi-

tions to the plant without proper authority.

Assistant General Foreman, District Foremen, Supervisors of Lines

and Inspectors of Outside Plant

620. Assistant General Foremen, District Foremen, Supervisors of

Lines and Inspectors of Outside Plant shall report to the General Fore-

man of Telegraph and Telephone. They shall be in charge of such forces

and perform such duties as may be assigned to them by the Genei-al

Foreman of Telegraph and Telephone.

Foremen Line Gangs

625. The Foremen of Line Gangs shall report to and receive instruc-

tions from the Assistant General Foreman, District Foremen, or Super-

visors of Lines as may be designated by the General Foreman.

626. They shall have charge of such forces as may be assigned to

them. They must see that their men properly perform their assigned

duties. They must keep the required records of the time of their men,

and of the receipt, distribution and use of material supplied.

627. They shall have charge of and are responsible for such tools,

and material as are necessary for the performance of their work and
must know that they are properly used.

628. They shall obtain advance authority from their superior officer

for any work involving the removal of any part of the plant that would

interrupt the service.

Telegraph and Telephone Maintainers—Section Linemen

635. Telegraph and Telephone Maintainers—Section Linemen shall

report to and receive their instructions from the Assistant General Fore-

man, District Foreman or Supervisors of Lines as may be designated by

the General Foreman. They shall also obey instructions issued by the

Wire Chief in regard to clearing trouble and shall keep him advised of the

work they are engaged upon and of their whereabouts at all times.

636. They are responsible for the safe condition and proper main-

tenance of pole lines, wires and the equipment as may be assigned to

them and for the economical use of material supplied them.

637. They must not permit any foreign wires or fixtures to be at-

tached to telegraph or telephone poles, without the approval of their

superior officer.

638. They must report to their superior officer anything contem-

plated or existing that may interfere with telegraph or telephone service

or in any manner endanger persons or property; for example, new work
of any character; track changes; power transmission lines within 500 feet

of the railroad right-of-way; other paralleling lines, the poles of which
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would be within striking distance of the railroad right-of-way; new wire

crossings ; unsafe conditions in existing wire crossings ; attachments of

wires to buildings and other structures, etc.

639. They must keep an accurate pole diagram of the wires in their

territory, and when changes affecting such diagrams are made they shall

advise the designated officer in order that the records may be kept com-

plete and up-to-date.

640. They shall make inventory and work reports upon prescribed

forms and forward promptly to the designated officer.

641. They must notify their superior officer before taking out of

service any part of the wires or apparatus, and authority must be ob-

tained, except in emergency, before such wires or apparatus are taken

out of service. Should an emergency arise which requires the removal

from service of any part of the wires or apparatus, the interested officer

must be immediately notified by wire.

642. In case of accident, or serious damage to wires or apparatus in

their territory, they must immediately proceed to the point of interrup-

tion, requesting such assistance and material as may be required, and

make every efifort to restore the circuits promptly in the order of their

importance.

643. They must make such inspection, tests and repairs of plant in

their territory and supply such reports as are required.

CONDUCT OF WORK
Care of Right-of-Way

650. Section Foremen shall keep their sections in a neat and orderly

condition, and shall devote sufficient time to cleaning and putting things

in order around section toolhouses, station grounds, yards, sidings, high-

way and farm crossings, and the right-of-way generally.

Fencing

655. Section Foremen are responsible for the proper inspection of

fences on their respective sections. They shall report to the Supervisor

any destruction of fences by flood, fire, or otherwise, making such tem-

porary repairs as possible, and endeavoring to keep stock from getting

upon the right of way or tracks, until permanent repairs can be made.

They should endeavor to keep all gates closed, securing so far as pos-

sible the co-operation of the adjacent landowners in this eflFort.

Mowing •

660. The amount of mowing done will depend upon local conditions

and Federal, State or County laws or regulations. Where the railroad

runs through forest lands, fire regulations must be complied with.

661. Section Foremen, under the direction of the Supervisor, are

responsible for compliance with all the laws, rules and regulations in

effect in their respective districts, with reference to mowing and fire

protection.
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General Cleaning

665. Section Foremen should for reasons of economy, as well as

neatness, gather up scrap and usable material from the right-of-way,

disposing of the same as directed by the Supervisor. They should see

that no trees which by their location or condition might endanger trains

or the telephone or telegraph wires, are left standing on the right-of-

way or adjacent thereto, getting permission to cut those trees not on

the right-of-way, if possible to do so. They should endeavor to keep

the tracks and right-of-way in a neat and tidy condition.

ROADBED
Drainage

670. Thorough drainage of the roadbed is absolutely necessary be-

fore good track can be secured or maintained, and it is of the first

importance that this matter be given careful detailed consideration at

all points.

Surface Drainage

675. Ditches should be kept open at all times so as to divert the

water from the roadbed quickly. They should be dug out thoroughly

and restored to full size in the spring and late fall. Side ditches should

be dug uniformly and parallel with the track, and conform to the standard

roadbed sections.

676. Intercepting ditches should be constructed along the top of

the bank, for the protection of cuts, where the drainage area would be

likely to collect sufficient water during heavy rains, from the higher

ground adjacent, to wash the slopes.

677. The end of a ditch should be diverted from the track, so that

the scouring action of the water will not weaken or wash away the

roadbed.

678. Waterways leading to and from bridges and culverts should

be kept clean within the limits of railroad property. All culverts should

be kept open for the free and unobstructed passage of water at all times.

679. In regions of heavy snows, ditches should be cut through the

snow, wherever a sudden thaw would be likely to flood the track, and

all ditches should be cleaned when the snow is melting in the spring.

680. Cross drains should be put in at proper intervals, where
directed.

Underground Drainage

685. In wet or narrow cuts, where side ditches cannot be effectively

maintained, sub-drains will be provided as directed by the

who will determine the size and character of drains to be used. Such
drains must be laid to a true grade and in conformity with standard

plans.
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CARE OF ROADWAY

690. The cross-section of the roadway shall conform to the standard

plans. No deviation from the sections shown shall be made without

proper authority.

691. Growth of vegetation on the slopes of cuts and embankments
should be encouraged to prevent erosion.

TRACK
Ties—Storage of

695. Ties stored along the Right of Way should be stacked to con-

form to the Railroad Company's standard plans, according to the class,

shape and location. Stacks should be placed on ground bare of debris

or vegetation for at least two feet around each stack and clear of vege-

tation over six inches high within ten feet of any stack, and sufficiently well

drained so that water will not stand under the stacks or in their immedi-

ate vicinity. Decaying wood debris should be entirely removed.

Tie Renewals—Inspection for

700. The ties in track must be inspected at stated times each year

and those which will not last until the next inspection marked for re-

newal. This inspection should be made preferably by the Supervisor

personally, accompanied by the Section Foreman. The Supervisor should

report to the Division Engineer, on the proper form, the number of

ties marked for renewal on each mile and each section. This report

should be carefully checked by the Division Engineer and where any

unusual or unfavorable condition is indicated, a thorough investigation

should be made to insure proper renewals.

Tie Renewals—Method of

705. The renewal of ties should be started when directed by the

Division Engineer. All defective ties removed from track shall each

day be placed for burning or loading on cars. The Supervisor shall

frequently inspect ties removed from track to see if any have been

removed which might have remained in the track, with safety, until the

next inspection.

706. Ties shall be spaced according to the standard plan. All ties

shall be placed square to the line of rails. The outside ends on double

tracks, and the ends on one side throughout on single track, should be

lined parallel with the rail.

707. Ties should be laid so as to obtain the best bearing. Untreated

ties should be placed in track with the wide surface having the most heart

wood down ; treated ties should be placed in track with wide surface near-

est the pith down, or if the pith is not present in the tie, with the widest

surface down. Ties should be adzed only when necessary to cbiain a

full bearing under rail or plate. It is good practice to adze ties requiring

treatm.ent before the preservative is applied.
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708. Ties should be moved with tongs so as to reduce the damage
incident to handling ; picks, mauls, sledges and spiking hammers should not

be used in moving ties or placing them in position beneath the rail.

Use of Tie Plugs

710. Whenever spikes are drawn from ties, wooden tie plugs should

be driven into all holes, except in ties which are to be renewed that

season. In replacing spikes, they should be driven into the plugs.

Tie Records

715. Accurate records of tie renewals and all data of value in con-

nection therewith should be kept on prescribed forms.

Rail Renewals

720. The most expensive and the most easily damaged part of the

track structure is the rail, therefore care should be exercised in the

unloading and handling of it. In unloading from cars, rails should be

skidded or otherwise carefully lowered to prevent injury. Where it is

necessary to drop them, both ends must be dropped at the same time,

and the greatest care taken to avoid their falling on hard or uneven

surfaces. Rails received in gondola cars should be unloaded with some

approved device to prevent injury.

721. Rails should be distributed, as far as practicable, where they

can be laid with the least amount of handling. Unless the rail is to be

laid at once, it should not be distributed through yards and station

grounds where trainmen and others may stumble over it.

722. Rail laying may be done in the winter months, or at such

seasons of the 3'ear, depending on the climate, as are not favorable for

doing other track work.

723. Where practicable, rail should be laid one at a time. Standard

expansion shims should be used. The openings between 33 ft. rails

should be as follows

:

—20° to 0" A inch
0° to 25° ^ inch

25° to 50° A inch
50° to 75° Vs inch
75° to 100° ^ inch

Over 100° rail to be laid close.

Care should be taken that the openings between the rails be not

more than the above limits, as too much expansion in the joints will

spoil the rail quicker than any other error or defect in the method of

laying, especially under heavy traffic.

724. Care should be exercised by those in charge of rail laying

gangs to see that adzing is carefully done and the rail left in proper line,

gage and surface. Shims should be used if the track is frozen and the

ties cannot be lifted to eliminate low spots. It is desirable to place tie

plates and anticreepers the same day the rail is laid. It is especially
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important to prevent any running of the rail by using a sufficient number

of anticreepers at once, as any running of the rail changes the expan-

sion in the joints, making some joints wide and others close, resulting in

battered joints, and in the hot weather danger from buckling of the

track where the joints are tight.

725. Except for very sharp curves, sharper than are usually found

is main line tracks, rail need not be curved before laying.

726. All kinked or crooked rails should be straightened before being

laid; if surface bent, they must either be removed or straightened.

121. In making temporary connections in main tracks, an old rail

should be cut and fastened to the new rail, using compromise joints

when necessary.

728. When replacing rail of approximately the same width of base,

so that the tie plates need not be changed, but two lines of spikes should

be drawn. When a different tie plate is required, all spikes must be

drawn. Where no tie plates are in use but three lines of spikes need

be drawn for any change in the width of the b&se of rail.

729. All spikes should be driven vertically with the face in contact

with the base of the rail. They should not be straightened while being

driven. The rail must be full spiked, and the spikes should be stag-

gered so that the outside spikes will be on the same side of the tie, and

the inside spikes on the opposite side. Where shoulder tie plates are

used, a third spike may be driven on the inside of the rail, with the

back of the spike against the base of the rail. Good second-hand spikes

can be used for the third spike.

730. All joint bars should be securely fastened with the full number

of bolts. At permanent connections of rails of different sections, com-

promise joints should be used.

731. For the preservation of the rail, and to secure the best bearing

for carrying the loads, and distributing the weight of the rolling stock

uniformly over the rail and to the roadbed, the ties should be spaced

uniformly. Approximately eleven (11) inches apart will give, with aver-

age ties, twenty (20) ties to a thirty-three {ZZi) foot rail and eighteen

(18) ties to a thirty (30) foot rail.

Bonding

735. Where track circuits are used for operation of signals or

other purposes, bonding of the rails is necessary and this feature should

receive proper consideration and the work be carefully and efficiently

performed. Where air, electricity or othei: power is available, any

mechanical arrangement which will operate drilling machines successfully

is desirable and economical.

Replacement—Inspection of Rail in Track

740. Accurate records of rail renewals and all data of value in con-

nection therewith should be kept on prescribed forms. These records

should be kept absolutely up to date, each and every change, whether

of individual rails or many rails, being immediately recorded.
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741. Track walkers should be properly instructed to look for broken

or defective rails, and report same, when discovered, to the Section

Foreman, taking proper precautions to protect traffic, if necessary, on

account of the condition of the rail found.

742. Where rail failures become numerous, especially if transverse

fissures develop, a special rail inspection may be arranged. This can

be facilitated by the use of a mirror attached to a short wire handle

for examining the inside and underside of the head of the rail. A good

magnifying glass with which minute defects or hair line cracks can be

inspected, is desirable.

Broken Rails

745. A brok.m mil foiuil in tie main track must be P'Oii.-CcJ

immediately by a flagmjin and no trains allowed to pass over it until it

is found that the rail is in such condition as will permit the train to

pass in safety. If it is decided trains may pass over the rail safely, all

trains must be stopped before reaching the break, and then allowed to

proceed at slow speed. If a suitable rail is available, the broken rail

should be replaced immediately; otherwise, if it can be done, the broken

ends of the rail should be connected by joint bars, the rail drilled and

the joint bars full bolted, after which the resumption of traffic may be

permitted.

Joint Bars

750. The joints should be kept well oiled, both as a preservative

from rust and to facilitate expansion and contraction of the rail.

751. Insulated joints should be installed only on rails conforming

to the section for which they are designed. Care must be taken, when
installing such joints, to properly place the insulation, and not to damage

the fiber or bushings. The ties under and adjacent to insulated joints

must be kept well tamped.

752. (565) Before applying an insulated joint remove all scale, dirt

and other foreign matter from the rail end and joint parts. Clean smooth

bearing surfaces are necessary to obtain good fit and durability. Remove
from the rail ends all burrs, lips and rough edges, which might cut into

the insulation, by cutting or filing them off before joint is applied.

Track Bolts

755. As large track bolts should be used as the rail and joint bars

will permit.

756. It is essential to the preservation of the rail and joint bars

that track bolts be kept tight. The use of proper spring washers, keeping

the bolts well oiled, and careful inspection and systematic tightening of

all bolts is required of Section Foremen.

757. Track bolts should be gone over and re-tightened after new
rail has been laid, as soon as traffic has worn the mill scale and rust

off the joint bars and settled the bars into place.
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758. Proper wrenches for tightening track bolts will be furnished

and must be used without modification. Care should be exercised in

tightening bolts to avoid twisting the bolt or stripping the thread.

Spring Washers

760. Spring washers of approved design should be used on all

track bolts.

Track Spikes

765. Care should be exercised in driving spikes to keep the spike

vertical, so as not to necessitate straightening the spike by striking the

back of the head with a hammer when it is partly driven. Spikes

should be driven until the heads are in contact with the base of the

rail, but not driven too far, thereby bending the neck and causing the

head to crack or break off.

766. Badly bent, crooked, or neck-cut spikes should not be used,

especially in main tracks. Good spikes, which are bent, should be sent

to a reclaiming plant and straightened.

Anticreepers

770. Anticreepers should be applied where instructed by

The number of anticreepers per rail will depend upon the physical char-

acteristics of the track, and the amount and character of the traffic.

771. In the application of anticreepers care should be exercised to

use proper tools, to properly apply the anticreepers, and not to -damage

any of their parts. The use of spikemauls, or heavy hammers, should

be discouraged.

Tie Plates

775. Tie plates should be used where directed by the

lid. When applying tie plates care should be exercised to see that

the plates have a full even bearing on the ties, that the track is in cor-

rect gage before they are spiked to the tie and that the shoulder of

the plate rests against the base of the rail for the full width of the

plate. The shoulder of the plate must not be under the base of the rail.

BALLAST

Cross-Section

780. The cross-section of the ballast should conform to the standard

plans.

Unloading

785. When unloading ballast care must be exercised to secure

proper disposition and avoid waste. If special ballast cars are not

available, hopper bottom cars should be used.
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Ballasting

790. It is not possible to maintain good riding track under heavy

traffic with insufficient ballast. The purpose of ballast is to provide a

uniform support for the track, distribute the weight of the trainload to

the roadbed, hold the track in position, and assist in the drainage.

791. Track must be kept in good line and surface while ballasting.

The ballast program should be so arranged, and the supply so regulated,

as to leave the least possible open track when the season closes. During

the progress of the ballasting, open track should be watched carefully

and protected with the prescribed slow signals, if necessary.

792. Where directed by the Division Engineer, preparatory to the

distribution of new ballast, all the old ballast and unsuitable material

will be removed to the bottom of the ties, for the full width of the

roadbed, the old ballast cleaned, and the unsuitable material used for

widening embankments or other purposes. At the same time, all ties

requiring renewal should be replaced and the ties properly spaced, if

necessary.

793. When the old ballast has been thoroughly cleaned, sufficient

new ballast should be unloaded to make the first raise, which is usually

made by shovel tamping the ties. When ballasting or surfacing track out

of face, both rails should be raised together. It is safer, especially where

traffic is heavy and fast, to raise both rails together, than to raise and

surface one rail, and then bring the other rail up to grade.

794. Foremen must be sure they are properly protected by slow

order, caution signs, or flag, or all of these, if necessary, when raising

track, and should, except in emergency, raise against the current of

traffic, where there is more than one track. A long easy runoff should

always be prepared ahead of fast passenger trains.

795. In gravel or broken stone ballast, tamp the ties solid from fifteen

inches inside the rail out to the ends. If possible, the end of the tie outside

of the rail should be tamped first and a train allowed to pass over before

tamping on the inside of the rail. The space under the rail should be

tamped well. The center of the tie should not be tamped.

796. Where the track is electrically bonded, the ballast must be kept

at least one inch below the base of rail. At road crossings, platforms, etc.,

where this is not practicable, the rails may be insulated by painting them

with an asphaltum or tar product, and good, clean stone mixed with the

same material may be used for at least one foot each side of the rails.

797. The following tools should be used : For broken stone or

furnace slag ballast : Shovel, tamping pick and stone fork. For gravel,

chats, chert or cinder ballast : Shovel, tamping pick or tamping bar.
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LINE AND SURFACE

810. Good line and surface are the first essentials for good riding

track. If sufficient ballast is furnished at the proper time and properly

distributed, and tie renewals are kept up to date, the proper attention to

line and surface will insure good riding track.

811. As early in the spring as the weather and track conditions will

permit, the entire section should be gone over and smoothed up. At this

time special attention should be given to those portions of the section on

which no tie renewals or ballasting is expected to be done, during the

season, and this track put in 100 per cent, condition. Where tie renewals

are to be made, or ballasting is to be done, no unnecessary work should

be done, the aim being to keep these portions of the section sufficiently

smooth for safe and comfortable riding, until the work of renewing ties

or ballasting can be accomplished.

812. Where the track shows evidence of being badly out of line on

curves, and there is opportunity to do so, it is recommended that line

stakes be set by Engineers. But ordinarily the Section Foreman, as-

sisted, if necessary, by the Supervisor, can line the track very accurately

and secure practically perfect riding curves by the use of a string.

813. By using a string sixty-two feet long, holding the ends against

the gage side of the high rail and measuring the distance from the middle

of the string to the gage of the rail, the approximate degree of curve can

be found—each inch of distance representing one degree of curve.

814. When raising or surfacing track, Foremen must not trust to

their eyesight alone, but must use the track level boards and sighting

boards. Track level boards must be tested frequently.

815. When not surfacing out of face, as in case of picking up joints

or other low places, the general level of the track should not be disturbed.

Shimming

820. Wooden shims placed under the rails should be used to maintain

the proper surface of the track, when the surface is disturbed by the

action of frost, or when other conditions make tamping impracticable.

821. When shimming, the track level and track gage must always

be used.

822. Shimming should be done on top of the tie. No shimming

should be done under the tie, except in emergency and shims so placed

should be removed as soon as possible.

823. Shims must be the same thickness throughout, and not wedge
shaped. They must have an even bearing on the tie.

824. Where shims are used the rails must be securely braced to

prevent spreading. Tie plates with one end placed against the outside

under the head of the rail, and the other end spiked to the tie make good
braces.

825. Section Foremen must watch track which has been shimmed
very closely, testing frequently with the gage and level board to make
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sure that shims are in place and tight and that track does not get out of

gage or surface.

826. When the frost is leaving the track, shims must be changed

frequently replacing thick shims with thinner, until the necessity for

shims has passed. As soon as the frost is entirely out of the track, all

shims should be removed and the track surfaced, if necessary. Care

should be exercised, however, that track surfacing is not done before the

frost has all gone.

Gaging

830. Uniform gage is essential to good track and must be maintained.

831. The standard gage is 4 ft. 83^2 in. Curves of eight degrees and

under should be standard gage. Gage should be widened J^-in. for each

two degrees or fraction thereof ; over eight degrees, to a maximum of 4

ft. 9J4 in. for tracks of standard gage. Gage, including widening due to

wear, should never exceed 4 ft. 9j4 in.

832. Where frogs occur on the inside of curves, the gage at the frog

should be standard.

833. Where track is lined and surfaced the gage should always be

checked and made standard at the same time. If the track is allowed

to remain out of line or out of surface for any length of time, bad

gage is very likely to result therefrom, and for this reason Foremen

should always check the gage and make any necessary corrections when
lining and surfacing the track.

834. Track gages should be checked frequently with a standard

gage to assure that all gages are correct. This may be done each year in

the winter months, and the gages should be painted a new standard color

each time tested.

Elevation of Curves and Easements at Ends of Same

840. The elevation on curves and the easements at the ends of

same should be in accordance with the requirements and according to

prescribed standards.

841. Where the maximum speed allowed by timetable is higher

than the maximum standard elevation will safely permit, the speed should

be reduced accordingly. Signs should be placed at the beginning of each

curve where the speed must be reduced below the maximum allowed by

the timetable. The signs should show in plain figures the maximum
permissible speed.

842. The maximum elevation on any curve must not exceed seven

and one-half inches. It should be remembered that speed is the principal

factor in elevation on curves, and that the degree is a secondary factor

only. Foremen should be cautioned not to carry too much elevation

where speed is slow, even if the curvature is sharp. Where there is

considerable freight traffic and passenger traffic is not so important, it

is advisable to keep the elevation low on the curves, and slow down the

passenger trains to meet the conditions.

A
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843. Where possible, posts should be placed at the side of the track

for the guidance of Section Foremen. These posts, indicating the eleva-

tion in inches and fractions thereof, should be set at the beginning of

the easement; at the beginning and end of the regular curve, and at

the end of the easement or point of the tangent. Posts should also be

set at the points of compound and at each end of easements, between

compound curves.

Frogs and Switches

850. The proper installation and maintenance of frogs and switches

is essential both for safetj' and economy.

851. It is especiall}- important to keep the track in good line and

surface through frogs and switches, and Foremen must give these features

special attention.

852. Switches and frogs must be inspected frequently to see that

they are in proper working order, and that all nuts, bolts and other

fastenings are in place and properly tightened. Any broken or damaged

parts should be replaced promptly.

853. Switch points must fit closely and accurately to the stock rail,

which must be bent in accordance with the prescribed standards. When
renewing a switch point, the stock rail should also be renewed, if neces-

sary to secure a proper fit of the point. In like manner a new stock

rail should not be used with a worn point, as there is grave danger of

derailment, if the stock rail is higher than the switch point.

854. Frogs must be protected by guard rails, constructed and placed

in accordance with standard plans. The tops of the guard rails should

be level with the main running rails, and should be securely held in

place.

855. Guard rails should be so placed that the gage distance from

the frog point to the flangeway side of the guard rail will be at least

4 ft. 654 in-, and the distance between the flangeway sides of the wing

rail and guard rail shall not exceed 4 ft. 5 in.

856. Switch rod and connecting rod bolts must be equipped with

cotter pins. The bolts should be inserted with the nut on top for con-

venient inspection.

857. Switches must be kept free from obstructions at all times and

free from ice and snow in winter. The slide plates should be kept well

oiled.

858. Switch stands must be kept firmly spiked to the head-block

ties, must be set plumb, and with the target square with the track.

859. Automatic switch stands should be inspected frequentiy for

lost motion. They must be kept well oiled. Head-block ties must be

kept firmly tamped.

860. The switch stand should be placed, wherever possible, on the

side of the track where the connecting rod will be in tension when the

switch is set for the main track. The switch banners and lamps should
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be placed on the right hand or engineer's side of the track approaching

facing point switches.

861. All switch stands and facing point switches on multiple tracks

and all main track switches on single track should be equipped with

switch lamps of approved design, which will show the proceed color

when the switch is set for the main track and the stop color when the

switch is open.

862. Unless otherwise provided for, the Section Foreman is re-

sponsible for the proper care and maintenance of switch stands and

lamps and must give these devices careful attention. Switch stands must

be kept tight on the head-blocks and adjusted to give the switch the

proper throw and to keep the points tightly against the rails, when the

switch is closed, either for the main track or the turnout.

863. Switch lamps must be kept clean, supplied with oil, properly

adjusted, and firmly placed on the switch stand, so they will not jar out

when the switch is used.

864. Main track switches, not interlocked, must be kept locked at

all times except when in actual use by trains, or when being inspected.

Foremen must report immediately main track switches found unlocked

or with the lock missing.

Switch Ties

870. Switch ties should be used for all permanent turnouts, cross-

overs and railroad crossings, and should conform to the standard speci-

fications for material, sizes and workmanship. They should be placed

in track in accordance with the standard plans.

871. For temporary work, track ties may be used, lapping them in

place of switch ties, but switch ties should be used for head-blocks and

for at least three or four ties under the frog and guard rails.

Track Signs and Posts

875. Track signs and posts must be placed and maintained in accord-

ance with standard plans and special instructions.

876. Section Foremen must see that all track signs and posts are

in their proper places and are kept plumb, and that weeds and other

vegetation are not permitted to obstruct the view of same.

Road Crossings

880. Section Foremen are responsible on their respective sections

for the proper care and maintenance of public and private road crossings.

881. Road crossings should be constructed and maintained accord-

ing to standards, and conform to legal requirements.

882. Road crossing signs, where required by law, must be maintained.

Such signs should be properly placed and kept clear of obstructions which

would interfere with the view of travelers on the highway. Where
possible, the permission of adjacent landowners should be secured, if

necessary, and all brush or trees, obscuring the view of approaching

trains, removed.
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Track Tools

890. A sufficient number of the proper kind of tools, in serviceable

condition, is essential for economy and efficiency in the performance of

any kind of track work.

891. All track tools are furnished by and remain the property of

the Company.

892. Section and other Foremen in charge of men will be held

responsible for the proper care and use of tools. They must know

that they have at all times a sufficient supply, in serviceable condition.

They should see that tools are not lost or broken, and that, when not in

use, they are not left where they are liable to be struck by trains or derail

trains.

893. When not in use, all tools should be collected and properly

protected from the weather and from being stolen. Where it is not

practicable for Foremen to take all tools to the toolhouse each evening,

suitable tool boxes, equipped with substantial locks, should be provided,

and all tools placed therein each night.

894. Labor saving devices and appliances should be used wherever

such use can be shown to be economical.

895. The use of heavy sections of rail makes the handling and

laying of such by hand, laborious and costly. Rail handling and laying

machines, or locomotive cranes, should be used for such work where

available.

SIGNALS AND INTERLOCKING

(Any rule preceded by a number in parenthesis is a rule of the Signal

Section, American Railway Association, of that number.)

Track Circviits

900. The track should be kept clean and ballast kept free from rails.

901. The track should be kept well drained, especially at road ci-oss-

ings and station platforms.

902. In case of rainstorm, weak track circuits should be tested and

adjusted.

903. (510) Coils on track relay must not be connected in multiple

because if so connected the resistance of the relay is reduced seventy-

five (75) per cent, and the current greatly increased.

904. (541) Bonding must be maintained in accordance with standard

drawing and specifications.

905. (539) Trunking and bootlegs must be kept in good order and

maintained according to standard drawings and specifications.

906. (540) Bootleg connections must be kept free ^rom dirt and

ballast. Enough slack must be provided to take care of running rail,

and wires must be held down to prevent trains cutting them oflf.

907. When track circuits are fed from storage or caustic soda bat-

teries, proper resistance must be maintained between the battery and the

rail.
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908. (545) Channel pins must be driven in same direction as hole

is drilled. Single groove channel pins are to be driven with the groove

down; double groove channel pins with the groove on the side.

909. Cases where excessive amount of sand is used, or ash pans arc

cleaned on trunking or bootleg connections, should be reported.

910. Insulation in joints, switch rods and switch instruments should

not be allowed to wear to deterioration.

Line Circuits

913. (865) Wire joints must be properly made; the wire must be

thoroughly cleaned, properly twisted, soldered and taped in accordance

with standard drawings and specifications.

914. (866) Switch circuit controllers must properly shunt track or

break line circuits, or both, when the switch point is open more than

one-fourth (%) of an inch. They must be securely fastened to the tic

and contacts shall be clean and free from resistance. Excessive lost

motion shall be taken up. Oil, as specified, must be used to insure free

action of moving parts.

915. (863) Line wire must be supported by insulators. Broken

insulators must be replaced, line wire properly tied in and undue slack

in line taken up.

916. (102) In removing insulation from hard drawn copper wire,

do not cut with knife at a right angle from the wire, because a very

slight nick may cause the wire to break at that point when subjected to

future strains that are placed upon line wire.

917. (103) In preparing galvanized iron wire for soldered joints,

do not scrape off more galvanizing than will be covered by the solder.

918. (869) Lightning arresters must he kept properly connected with

reference to line circuits and grounds. They must be maintained in

accordance with instructions from the Supervisor of Signals.

919. (104) Guy wires must be tight and free from contact with line

wires. Dead wires on poles should be promptly removed and proper

report made.

920. (74) As a permanent arrangement, joints must not be made in

rubber-covered wires underground or where they cross tracks.

921. (73) Avoid opening or short-circuiting circuits or taking any

other action which may cause failure of signals or other apparatus with

resultant train delays.

922. (76) Contacts of relays or other controlling devices must not

be bridged. Relays must not be turned over, nor any other action taken

which will endanger safety of trains.

923. (867) Shunt circuits at switches must be so maintained that

there are no breaks, leaks or undue resistance.

924. (870) Relays, locks, slots and motors must be closely observed

to see that there are no mechanical defects, and specified pick-up and

drop-away must be maintained.
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Relays and Indicators

950. Meters for testing relays and indicators shall be calibrated as

often as necessary for field use.

951. Tests shall be made as required and reports made on prescribed

form.

952. (18b) It shall be determined by observation that sufficient front,

back and polar contact opening exists.

953. (18c) Determine by observing operation of relay, that sufficient

clearance exists between case and movable parts.

954. (18e) Relays, not fulfiUing prescribed requirements, shall be

taken out of service.

955. (18a) Relay shall meet shop requirements when placed in serv-

ice, except in emergency, when relays meeting field requirements may

be used.

956. (19d) Emergency repairs and adjustments to insure positive

operation of relay, for temporary use in emergency, may be made in the

field when authorized.

957. (511) When changing out a relay, direction of current flow

through relay contacts should not be changed, because, if this is done,

the circuits may not function properly.

Insulated Wires and Cables

980. (1) Every effort must be made to prevent kinking wire. Do
not attempt to pull or throw out the kink but instead carefully remove

the kink by hand.

981. (2) Twists must not be put in wire as would result if paid

out by holding coil in the hand and allowing successive turns to fall

from the coil.

982. (3) Wire must not be mechanically injured or bruised by

stepping on, dropping coils or throwing tools and material on it, etc.

983. (4) Insulation must be kept free from oils, grease, acid or

alkalies.

984. (5) Care must be exercised in the shipping, handling, laying

or pulling in, splicing and housing insulated wires and cables. The in-

sulated wall is the prime requisite and most of the factor of safety of

any electrical installation depends upon its remaining uninjured.

985. (6) Wires and cables on reels should be shipped with all

lagging properly in place. Care should be taken in nailing lagging to

the reels so as to not puncture the insulating wall. Tacks (not nails)

must be used in securing tags to such reels.

986. (7) Wires and cables in coils should be shipped properly bound

and wrapped with a protective covering of burlap or other suitable wrap-

ping material. Tags giving a description of contents should be firmly

attached to the coils, both inside and outside the wrapping.

987. (10) When possible, wires and cables should be stored under

cover and away from excessive heat where they will not become mildewed

or liable to be damaged by other materials.
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988. (11) Wires and cables must not be removed from the reels until

ready to pull or lay into the conduit. All nails must be removed from

the edge of reels. Care must be exercised not to injure wires and cables

when placing in the housing.

989. (12) When moving coils or reels, handle them carefully. Be

sure that reels, without lagging, are rolled on their edges and not along

a plank that is sufficiently narrow to allow the ends of the reel to straddle

it ; thus putting the weight on the wires or cables.

990. (13) When wire or cable is used from a reel, the reel must

be set up so it will revolve easily. When wire is used from a coil, a

"pay-out" reel should be used. A man should tend the reel to prevent

excessive slack from running out.

991. (14) So far as possible, prevent dragging wires and cables for

any distance on rough surfaces. Wires and cable must not be dragged

through hot cinders.

992. (15) Never pull too hard on the smaller sizes of insulated

wire. An elongation of copper occurs at comparatively low points of

pull which distorts the insulation. If the wire is caught, a heavy pull

may injure the insulation at the point of interference.

993. (16) Pull all single conductor wires or cables, that are to go

into one duct, at one time. For small gage single conductor wires, it is

preferable to hitch to the copper conductors and so arrange the hitch

that the pulling strain will equalize on all the wires involved in such a

pull. The "Basket-Weave" hitch, which grips the outside of a cable, is

ordinarily the best method when pulling in one multiple cable.

994. (17) Braided cables or a number of single conductor wires

should be pulled in by hand in order to avoid straining such conductors

in the event they become "caught" in the conduit.

995. (18) Arrange to carry wires and cables on the side walls of

pull boxes and manholes or protect them in some manner against mechan-

ical injur>' when working on other duct line runs.

996. (19) When making changes in trunking runs with wires or

cables in service, they must be kept together and protected from mechan-

ical injurJ^

997. (20) When wires or cables are being installed in petroleum

asphaltum, the temperature of petroleum asphaltum must be not less than

210 deg. F. nor more than 250 deg. F. when poured into trunking.

998. (21) When insulated wires or cables are used aerially for

drops from line to relay or terminal boxes, they should be properly sup-

ported by and fastened to a messenger so that insulation will not chafe.

They should enter boxes and poles through bushed holes.

999. (51) Do not heat or solder copper wire when under tension.

1000. (55) Wire joints must be made in accordance with standard

specifications.

1001. (61) Care must be exercised in making terminal eyes to avoid

any unnecessary bending, kinking, ringing or nicking, that wire will not
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be weakened and easily broken, also terminal eyes must be cut out and

new ones made whenever wire has been weakened as referred to above.

1002. (74) Short bends must not be made in cables.

1003. (81) Wire must be properly tagged with tags made of insulat-

ing material so placed that they cannot interfere with moving parts of

switch and signal apparatus.

1004. (31) Conduit must be free of dirt, cinders, etc., before start-

ing to lay in wires or cables.

1005. (32) Lay wires and cables in conduit loosely without stretch-

ing or crowding, having a man stationed at each corner of trunking.

Wires and cables should not be doubled back in conduit. Slack should

be taken care of in junction boxes or other housings. When petroleum

asphaltum is used, wires should be laid in petroleum asphaltum as to be

practically free of contact with walls of trunking.

1006. (33) The insulation must not come in contact with creosoted

lumber which has not been seasoned after being creosoted.

1007. (34) Conduit should be so constructed, as far as possible, to

prevent the entrance of mice. Corners should be so constructed as to

leave more room than in the straight conduit runs. Nails must not be

driven through the trunking from the inside of the groove, nor must

-they be driven into the groove from the outside. Conduit should not

be located where heat is excessive or where soil or other conditions tend

lo destroy insulation. If such conditions are found to exist, after the

original installation, the location should be changed when making

renewals.

1008. (35) All wires and cables must be in place and the capping

touching both sides of the trunking for its full length before driving in

the first nail.

1009. (36) Duct of all kinds should be properly inspected before

being installed. Look for blisters and sharp teats on the vitrified clay

duct and for fins, scale and rusted through spots in metal conduit.

1010. (37) Before installing wires or cables in a duct, pull mandrel

of proper cross-section through the duct to insure the clearance and free

interior of duct from obstruction.

1011. (38) Where practicable, frequent cleaning of trunking to re-

move dirt, sand and cinders should be made. While wires are exposed,

examine carefully to detect injury to insulation by rats, mice or other

causes. Permit trunking to dry thoroughly (if wet) before replacing

capping. Any spots where insulation has been punctured or damaged

should be treated as required in making splices in single wires or cables

1012. (91) Tests must be made at ends of wire or by removing tape

at splices. Under no circumstances must the insulating wall be punctured

by "needle points" or cut into in order to secure a meter reading.

1013. (92) In locating trouble or tracing a wire, it is frequently

difficult to locate a particular wire at various points along the trunking

and often the wire is pulled placing it under considerable strain as a

means of indicating the wire in question at some distant point. This
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practice is very bad for the reason that the strain on old wires is almost

100 per cent, on the copper and it is easy to elongate annealed copper

wire by such method. Any appreciable elongation seriously impairs the

life of the insulation which is placed in permanent tension as a result

of such treatment.

Batteries

Lbad Acid Type Storage Batteries

Installation

1100. (51) Isolate open type battery in a room or box, as the acid

fumes given off during charge are of a corrosive nature. This housing

should be well ventilated and lighted, and as dry as practicable.

1101. (52) Inside of housing should contain no exposed metal other

than lead. If this is not practicable, such metal parts should be protected

by vaseline or at least two coats of acid-proof paint.

1102. (53) Floor of battery room should be sloped to provide proper

drainage.

1103. (54) Battery must be supported on wooden racks, pegs or

shelves of sufficient strength to prevent sagging ; or be placed on a layer

of sand on floor of battery box. It must be arranged to permit access

for inspection, cleaning or for the removal of any cell or element.

1104. (55) Fill the sand trays level with top with clean, dry sand;

space trays uniformly on support so as not to touch adjacent trays.

1105. (56) Clean the jars and press them into sand until they have

solid bearing and are in proper alignment.

1106. (57) Scrape the contact surfaces of connecting straps and

elements to insure good electrical connection.

1107. (58) Place the negative groups crosswise on a strip of web-

bing; then slip the plates of the positive group between those of the

negative group, so that the vertical edges of all plates will be flush. Insert

spacing sticks between plates to keep them apart while lifting. Lift the

element by webbing and place it in the middle of the jar, making sure that

the hanging lugs rest evenly on the sides of the jar. Withdraw webbing

and spacing sticks.

1108. (59) Bolt the connecting straps together with the bolt con-

nectors, making each connection tight. Connect rows of cells with lead

strap or rubber-covered copper . wire. Cover all bolt connectors and

exposed copper with vaseline.

1109. (60) Connect the charging circuit wires to the battery

terminals with positive wire of the charging circuit connected to the

positive terminal. Polarity of charging circuit must be determined by

meter test.

1110. (61) One cell in each battery, so situated as lo be well lighted

and easily accessible for inspection and tests, should be designated and

marked as the pilot cell. (Preferably a center cell.)

1111. (62) .A permanent ntunbcr should be assigned to each cell or

container, preferably painted or stenciled thereon.
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1112. (63) Before proceeding further, inspect all connections care-

fully to insure that they are tight and properly made, connections between

cells being positive to negative; be sure that charging current at proper

voltage and under control is available, and that the initial charge can be

started immediately and can be continued to its completion.

1113. (64) Unpack the wooden separators, which include veneers

and dowels. Insert veneers in the dowels with the grain of the veneer

crosswise to the dowel. Place the separators between adjacent positive

and negative plates with the dowels vertical. Place the glass hold-down

in position in each cell.

1114. (65) The wood separators, which have been given special

treatment, are shipped wet. They must be kept so, until installed in

the battery. If there is any delay in setting up battery the veneers and

dowels should be left in packing cases and kept wet with water (approved

for storage battery use) at least once a week.

1115. (66) Wood separators and dowels carried on hand must be

kept immersed in water (approved for storage battery use), to which

electrolyte of 1.210 specific gravity has been added in the proportion, by

volume, of one part electrolyte to 10 parts water. The container must

be covered to keep out impurities.

1116. (67) Immediately after separators are placed in position the

cells should be filled with electrolyte to a height of }i in. above the tops

of the plates or to the electrolyte line. The electrolyte (R.S.A. Speci-

fication 4314) should be of 1.210 specific gravity, at 70 deg. F.

1117. (68) The initial charge should be started immediately after

the electrolyte has been added to the cells.

1118. (69) Unfilled assembled cells, before being placed in service,

mu*t be filled with electrolyte of the proper specific gravity and given an

initial charge.

Initial Charge

1130. (151) The initial charge should continue for 10 hrs. after

maximum voltage and gravity have been reached. This should require

from 40 to 60 hrs. at the normal rate. If the temperature of the elec-

trolyte exceeds 110 deg. F. the charge should be stopped until the bat-

tery cools.

1131. (152) Adjust the charging current to the normal eight-hour

charging rate and maintain this value throughout the charge. Readings

should be taken on everj' cell with a low reading voltmeter immediately

after starting the charge, to insure that all the connections are properly

made, positive to negative, and that no short circuits exist.

1132. (153) At one-hour intervals, during the course of the charge,

read the battery voltage and also the specific gravity of one or two

selected cells. The voltage and specific gravity should rise as the charge

progresses, and near the end of charge, each should have reached maxi-

mum value. Continue to charge for 10 hrs. after the maximum values

have been reached. At the end of the charge, all the cells should be
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gassing freely and the specific gravity of the electrolyte in every cell

should be stationary.

1133. (154) If, at the end of charge, the electrolyte is not at 1.210

specific gravity, at 70 deg. F., it should be adjusted to this value, at the

proper height above the plates.

1134. (155) To raise the specific gravity, electrolyte of a higher

density, or, if this is not available, electrolyte of 1.210 specific gravity

should be added before next charge. To lower specific gravity, water

should be added. If necessary, remove a part of the solution from battery

before adding electrolyte or water.

1135. (156) Water used in batteries should be either distilled or

from a source which has been tested and approved for storage battery

use.

1136. (157) An open flame should not be permitted near battery,

as the cells give off hydrogen during charge.

1137. (158) Prescribed form should be used for reporting readings.

Maintenance

1150. (201) All connections must be kept clean and tight. A loose

or dirty contact will cause excessive heating, also drop in voltage.

1151. (202) Jars or containers must be kept clean, level and as dry

as practicable.

1152. (203) Trays and supports must be kept clean, dry and in such

condition as to prevent surface leakage of current.

1153. (204) All exposed brass or copper battery connections must

be kept covered with vaseline.

1154. (205) Battery supports must be kept coated with acid-resist-

ing paint.

1155. (206) Defective jars or containers must not be left in service.

1156. (207) Cells showing defects must be taken out of service and

held for instructions from the Supervisor of Signals.

1157. (208) Care must be exercised to avoid short circuiting or

dropping foreign matter in cells.

1158. (209) Should any foreign matter be found in cells, steps must

be taken to remove it at once.

1159. (210) Water of electrolyte is depleted through gassing that

occurs during the charge. Water fulfilling requirements, stated in Rule

1135, must be used to replace loss.

1160. (211) The electrolyte must be maintained at a level ^ in.

above top of plates, or at electrolyte level mark. Exposure of top of

plates to air causes rapid sulphation and will seriously injure plates and

wood separators.

1161. (212) Electrolyte or water for battery use must be furnished

in glass carboys and must be kept tightly corked.

1162. (213) Hard rubber, glass, lead-lined or porcelain vessels only

must be used in handling electrolyte or water for storage battery use.

1163. (214) The accurate specific gravity of electrolyte is indicated

only when it is at the proper level.
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1164. (216) When replacing losses, due to evaporation, water must

be added at the beginning of charge.

1165. (217) Acid must not be added to raise specific gravity of elec-

trolyte, without definite instructions from the Supervisor of Signals.

1166. (218) Electrolyte of the same specific gravity as that of balance

of cells must be used in replacing loss due to cracked or broken jars.

1167. (219) Electrolyte should be handled carefully as it is injurious

to person, clothing and other foreign matter.

1168. (220) To avoid injury caused by electrolyte coming in contact

with clothing, a bottle of strong ammonia should be kept in battery room

at all times, and in the event of accidental splash of acid on clothing an

immediate application of a small quantity of ammonia may neutralize

the acid and prevent burning hole in material. A strong alkaline solution

of baking soda and water will be found useful for washing the hands

after working in electrolyte. In the event of splash of electrolyte in eye,

it should be washed out at once with clean water, preferably warm water,

and then put one or two drops of olive oil in the eye, and a physician

should be consulted as soon as possible. If olive oil is not immediately

available, any kind of engine oil is better than none.

1169. (221) Open flame must not be allowed in battery housing.

1170. (222) Proper ventilation must be maintained and housing kept

neat, clean and dry.

1171. (223) Temperature of battery housing should be maintained

as near as practicable to 70 deg. F. and should not be allowed to exceed

115 deg. F. Battery must be shielded from direct sun-rays.

1172. (224) Care must be exercised in handling portable cells to

prevent spilling of electrolyte or short circuiting while in transit.

1173. (225) Carrying cases and handles for portable cells must be

kept in good condition so as to prevent injury while handling cells.

1174. (226) Metal tape or wire must not be used to attach shipping

tags to portable cells.

1175. (227) Connectors on portable cells must not be used for any

other purpose than that intended.

Method of Charging

1190. (251) The following methods are used for charging storage

batteries : Floating and non-floating.

1191. (252) Floating method provides for charging rate at a con-

stant potential. Non-floating method provides for charging at the normal

rate, or a tapering rate.

1192. (253) The rate of charge by the floating method is that neces-

sary to maintain battery in fully charged condition ; a voltage of between

2.1 and 2.2 per cell, but not gassing continually.

1193. (254) The rate of charge by the non-floating normal rate

method, is that rate by which the battery would be discharged, in an

eight-hour period.

1194. (255) The initial rate of charge by the non-floating tapering

method should be such that, (due to the rise in cell voltage as the charge
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progresses) the current will be automatically reduced to a point no higher

than normal rate when cells begin to gas.

Operation—All Types

1210. (301) Batteries must not be repeatedly over or under charged.

1211. (302) The voltage of the charging source must be sufficiently

greater than the battery voltage to cause the proper charging current

to flow in the circuit.

1212. (303) Two or more set of batteries may be charged together,

either in series or multiple, provided the charging rate of each is properly

regulated and is within the limits of the charging unit.

1213. (304) Cells must not be charged at higher rate than normal,

without specific instructions or under any condition at higher rate than

normal after cells are gassing. If temperature of cells rises to 115 deg.

F., charge must be reduced or stopped.

1214. (305) Excessive gassing causes abnormal deterioration of plates.

1215. (306) The prescribed method of charging must not be changed,

except by proper authority.

1216. (307) If battery has been completely discharged, it should be

charged immediately and not allowed to stand completely discharged

Part of a charge is better than none.

1217. (308) Upon receipt of charged cells, they must be carefully

examined and any electrolyte lost, due to spillage, must be replaced with

the proper amount of electrolyte of same specific gravity as that of other

cells. Spillage will be shown by the changed color or rotting of packing

material.

1218. (309) In lowering specific gravity or raising level of electrolyte

in cell, the added water must be thoroughly mixed with electrolyte before

taking hydrometer reading. Neglect of this precaution will result in a

decided fall in specific gravity after a few days.

1219. (310) When water is added to electrolyte of cell at tempera-

tures below freezing, agitate the electrolyte with a syringe, the end of

which reaches bottom of plates.

1220. (311) Care must be taken when mixing sulphuric acid and
water, to pour acid slowly into water, thoroughly stirring with glass or

hard rubber paddle. Never pour water into acid, as an explosion may
result.

1221. (312) Before putting in service, battery that has been received

in a charged condition should be charged until specific gravity and voltage

ceases to rise, and then charged continually for 5 hrs. Temperature of

electrolyte must not exceed 115 deg. F. ; to avoid this, it may be neces-

sary to stop charge or reduce charging rate.

1222. (313) On batteries charged by the non-floating method the

regular charge should be prolonged to constitute an equalization charge

every 30 days or after each sixth regular charge.

1223. (314) An equalization charge is a charge continued until

specific gravity of electrolyte shows no further rise after five successive

fifteen minute readings, i. e., having reached one hour maximum.
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1224. (315) Cells must not be discharged below specified specific

gravity.

1225. (317) When one or more cells, relative to balance of cells in

battery, shows falling ofi:' in specific gravity or voltage, deficiency in

gassing on equalization charge, or color of plates markedly darker or

lighter, the conditions may be caused bj' short circuit between plates,

reversal of charging current, impurities in electrolyte (such as iron, rust,

mineral waste, etc., which may cause plates to be darker or lighter in

color). Conditions should be immediately corrected.

1226. (318) Short circuit must be removed by means of a thin clean

strip of hardwood, glass or rubber. Never use metal.

1227. (319) If there is any doubt as to the condition of electrolyte a

half-pint sample taken at end of discharge (replacing with an equal amount

of electrolyte of same specific gravity) should be taken out, in a perfectl)'

clean bottle and held for disposition. If all the electrolyte is to be re-

moved, cell should be thoroughly flushed with water approved for storage

battery use, before electrolyte is replaced with new electrolyte.

1228. (320) When a cell fails to gas freely or specific gravity fails

to rise to proper point on regular charge, after short circuit or other

trouble has been remedied, the cell may be brought up to proper condition,

where practicable, by disconnecting it from battery during discharge and

again connecting into the circuit just before beginning the next regular

charge. If this does not put cell in proper condition the process should

be repeated.

1229. (321) Thermometers, hydrometers or other utensils that have

been used for other purposes must not be used for testing and handling

sulphuric acid electrolyte, as electrolyte may become contaminated.

Hydrometers should be free from attached gas bubbles.

1230. (322) Specific gravity and voltage readings must be taken at

specific periods.

1231. (323) The indications of sufficient regular charge are as fol-

lows: (a) The gravity of the pilot cell having risen to a point which is

five points (0.005 specific gravity) below the maximum reached on the

preceding equalization charge ; for example, if the maximum reached on

the preceding equalization charge was 1.209 at 70 deg. F., the gravity to

be reached on the regular charge is 1.204 at 70 deg. F. If jars are but

partially filled with plates, and the excess electrolyte is not displaced, the

limit should be three points (0.003 specific gravity) instead of five points

(0.005 specific gravity).

(b) The voltage across the battery having risen to a point which is

0.05 to 0.10 volt per cell below what it was on the preceding equalization

charge, the charge rate being the same in both cases ; for example, if the

maximum voltage per cell attained on the equalization charge was 2.62,

the regular charge is from 2.52 to 2.57 volts per cell.

(c) The cells all gassing moderately.

1232. (324) Electrolyte must not be placed in cells until it has cooled.
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1233. (325) Prescribed form should be used for recording readings

or inspections.

Operation—Stationary Type

1250. (351) In renewing batteries, following will govern:

(a) Siphon off electrolyte, which may be used again, into thoroughly

clean glass receptacles. Remove cells from rack ; remove elements from

cells and throw away wood separators. Remove and clean sand trays.

Thoroughly clean battery supports with an alkaline solution, rinse with

water, dry and paint. Clean jars thoroughly and rinse with water (ap-

proved for storage battery use), being careful that solution and sediment

removed is buried. Fill trays level with top with clean, dry sand. Place

elements on stand or table ; carefully inspect and remove any loose or

foreign matter. Scrape both sides of lugs at the bolt hole to insure good

contact when the cells are connected together.

(b) Arrange positive and negative groups in accordance with rule

1107 (58).

(c) Place jar in the center of sand tray and put sand tray on the

rack, spacing them uniformly on support so as not to touch adjacent trays.

(d) Thoroughly clean and brighten connecting bolts, applying vaseline

to brass studs and connect cells, installing wood separators and dowels,

removing from packing case or water bath only sufficient separators and

dowels for equipping a few cells at a time. The dowels must always be

placed on the separators at right angles, i. e., across the grain of the wood.

The separators, when equipped with dowels, should be inserted from the

top, one between each two plates of the element.

(e) The wood separators and dowels are shipped wet and must be

kept so, until installed in the battery.

(f) Immediately fill cell with electrolyte in accordance with rule 1116

(67). Place the glass hold-downs in position on the separators, across the

cell at right angles with the plates and install cover plate. Connect charg-

ing current and give battery initial charge in accordance with rules 1130

(151) to 1137 (158), inclusive.

1251. (352) When sediment in cells accumulates until it is liable to

touch or short circuit the plates it should be leveled off with an "L" shaped

glass or all-wood stick. When sediment has reached a point where it has

to be removed and when the plates can be easily removed, such as in the

smaller type of batteries, they should be carefully lifted out, after the

electrolyte has been siphoned or drawn oflF, disturbing the sediment as

little as possible, and sediment then removed and jar thoroughly rinsed,

with water approved for storage battery use. In the larger type, the solu-

tion should be siphoned oflF, disturbing sediment as little as possible. The
sediment may then be removed with a glass or all-wood scoop, leaving the

plates undisturbed. Plates must be exposed to the air only the shortest

possible time.

1252. (353) Just before equalization charge, inspect all cells for any

pecularities in color or accumulation of moss (spongy lead) on the top of
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negative plates. Remove moss as it tends to short circuit the plates by

bridging over the separators. Make sure that the separators and dowels

are in place, and that hanging lugs are not touching adjoining lugs. Any
cells noted as low on the periodical readings or that do not gas freely on

the equalization charge should be examined.

Batteries Out of Service

1270. (401) In the event of jar being cracked or broken and there

ss no jar or electrolyte of proper specific gravity available, plates and

separators must immediately be placed in water (approved for storage bat-

tery use) in a container approved for handling water or electrolyte, while

out of service. H plates are to remain out of service more than 24 hrs.,

positive plates should be taken out and allowed to dry, the negative plates

and separators being kept in water.

1271. (402) When restoring to service plates which have been tem-

porarily out of service and stored in water, the correct specific gravity of

electrolyte to use is 10 points (0.010 specific gravity) higher than that of

balance of cells in battery.

1272. (403) If use of the battery is to be entirely discontinued for a

period of not longer than six months, proceed as follows : Give an equal-

ization charge just before idle period and add water to the cells during

the equalization charge so that gassing will insure thorough mixture, rais-

ing level of electrolyte J4 i"- below top of the jars. After equalization

charge is completed, remove the fuses to prevent the use of battery during

the idle period. Though not likely, the level of the electrolyte may, due to

excessive evaporation during idle period, fall below the top of the plates.

If this should occur, add water to keep them covered. If in a place where

freezing is apt to occur, stir electrolyte after adding water, as thoroughly

mixed electrolyte under these conditions will not freeze at temperatures

above zero deg. F.

1273. (404) If battery is to be entirely out of service for more than

six months, proceed as. follows: Give equalization charge, siphon off elec-

trolyte (which may be used again) into thoroughly cleaned glass re-

ceptacles and as each jar becomes empty immediately fill it with water

approved for storage battery use. When water is in all the jars, allow to

stand 12 or 15 hrs. Then remove and throw away wood separators. Next

siphon water out of each jar and elements then can be allowed to stand

indefinitely. If negative plates show a tendency to heat, they should be

sprinkled with water approved for storage battery use. If there is any

considerable amount of sediment in the jars, it should be removed before

it dries.

1274. (405) When restoring cells to service where electrolyte has

not been withdrawn, add water, if needed, and give equalization charge

until gravity of electrolyte has ceased to rise over a period of 5 hrs.

1275. (406) If battery has been standing without electrolyte, proceed

as follows: Equip cells with new separators and fill with either new

electrolyte of 1.210 specific gravity at 70 deg. F., or if the old electrolyte
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has been saved, add enough new of 1.210 specific gravity at 70 deg. F.

to replace loss and charge at least 35 hours at normal rate and continue, if

necessary, until both the specific gravity and voltage have reached a

maximum, showing no rise over a period of 10 hrs. and all plates are

gassing freely.

Dry Cells

1300. (4) Defective cells must be reported and held for disposition.

1301. (5) Cells should be used as soon as practicable after receipt

and must not be ordered so far in advance as to have them deteriorate

before using.

1302. (6) Where practicable, cells must be kept in a cool place, in

an upright position, free from dampness and protected against mechanical

injury.

1303. (7) Wood separators or other suitable insulating material

must be used between cells—both in service or storage—so that zinc sides

or binding posts will not touch adjoining cell.

1304. (8) Tools or any other metal must not be left where they can

short circuit cells either in service or in storage.

1305. (9) Insulated wire connections must be used when installing

and must be scraped clean where connected to binding posts.

1306. (10) Binding posts must be kept free from dirt or other

deposits and care taken that nuts on connecting wire to same are kept tight.

1307. (11) Care must be exercised to prevent contact between the

positive and negative terminals of the same cell.

1308. (12) Where practicable, cells in service must not be exposed

to a temperature below thirty-two (32) deg. F.

Gravity Cells

1330. (8) Defective material must be reported and held for disposition.

Setting Up New Cells

1331. (9) Place battery copper in bottom of jar with leaves spread

equally.

1332. (10) Place sufficient copper sulphate (blue vitriol) three and

one-half (3]E^) pounds in jar to the top of copper leaves.

1333. (11) Place zinc in top of jar with hanger wires bent outward,

and as nearly as practicable at right angles to the top of the zinc, which will

bring bottom of zinc about two and three-fourths (2H) inches above top

of copper.

1334. (12) Hanger wires must be bent down closely around outside

of jar.

1335. (13) Where obtainable, use clean, soft or distilled water in

jar to within one (1) inch of top of zinc.

1336. (14) If zinc sulphate (top solution of old cell) is available,

pour carefully (about one CI) pint) on top of zinc sufTicient to cover same

about one-half OA) inch, when cleaning one cell; when cleaning all cells,

add about one (1) quart, bringing liquid to same height.
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1337. (15) If old solution is not available, zinc must be covered one-

half (J4) inch with water and cell put on short circuit for forty-eight

(48) hours before using.

1338. (16) Gravity must not be below 15 deg. on the Hydrometer

(Baume) graduated 10 deg. to 40 deg. before using new or cleaned cell.

1339. (17) Battery receptacle must be neat and clean and contacts

must be cleaned before making connections. Connections must be tight so

that there will be no movement of the wire under the thumb screw.

1340. (18) Zinc hanger wires and connectors must be kept clear of

sides of well or chute and connectors secured so that they cannot drop

and short circuit or ground battery.

Taking Cells Out of Circuits

1341. (19) To remove cells from battery connected in series, place

ends of a jumper in adjoining cells, then remove cell to be cleaned; if end

cell is to be removed, fasten one end of jumper to lead wire and other end

in adjoining cell. Not more than one cell must be removed at one time

and then only by use of a jumper; after replacing cell, remove jumper.

Not more than twenty-five (25) per cent of number of cells in a series

battery should be renewed at one time.

1342. (20) Cell to be renewed when connected in multiple can be

taken out without the use of a jumper. Cells connected in series with

themselves and in multiple with storage battery can be renewed without

using jumper.

1343. (21) Not more than one cell of track battery must be renewed

at anj' one time.

Cleaning Cells

1344. (22) Remove zinc, being careful not to let any dirt accumula-

tion drop back into cell. Thoroughly clean zinc with scraper, brush and

water.

1345. (23) Retain part of clear zinc solution for setting up new cells

and destroy remainder. Solution must not be poured where it will run

outside the right of way, into running water or on metal, such as pipe

lines, steel battery tanks or into trunking or on grass line.

1346. (24) Wash and clean unused copper sulphate, separating from

it all metallic copper.

1347. (25) Remove all loose copper from copper element and clean

element in water. If copper element weighs over two (2) pounds, or is

liable to bind in jar at next renewal, it must not be used again.

1348. (26) Clean jar thoroughly with brush or waste and a small

amount of fine wood ashes to cut the deposit on inside of jar.

1349. (27) Water in which zincs, sulphate, coppers or jars have been

cleaned must not be used in batteries.

1350. (28) Zincs smaller than one and one-fourth (\%) pounds must

not be used on a track cell renewal. One full sized zinc must be installed

in each track battery at time track cells are renewed.
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1351. (29) Zincs must be cleaned at least once a month in all batteries.

1352. (30) Specific gravity must never be allowed to get above thirtj-

five (35) degrees on gravity battery hydrometer and should be kept be-

tween fifteen (15) and twenty-five (25) degrees. Specific gravity may be

reduced to fifteen (15) degrees by taking out some of the zinc sulphate

solution and replacing with water.

1353. (31) Water must be poured slowly and carefully on zinc.

1354. {33) Copper sulphate must not be added to a cell in service, as

this will cause caking or crystallizing.

Caustic Soda Cells

Setting Up Caustic Soda Cells

1370. (12) Fill each jar (which has been thoroughly cleaned and

rinsed) with clean, soft, or distilled water when obtainable, to height

recommended by manufacturers, disregarding marks or lines, if any, on

inside of jar. Water from stagnant pools or near battery wells must not

be used.

1371. (13) Dissolve contents of one can of soda in each jar, using a

little at a time, stirring constantly with a piece of clean wood so that all

soda is thoroughly dissolved.

1372. (14) Do not pour entire contents of can of soda into jar at

one time as this is apt to break the jar by heating, as well as causing the

soda to cake in bottom of jar. Care should be exercised not to spill any

solution on hands or face, as it will burn the skin.

1373. (15) Allow solution to cool to about ninety (90) degrees

or until back of hand can be held against jar, before inserting elements.

Never put elements in hot solution unless otherwise specified by manu-
facturer.

1374. (17) Elements must be fastened securely to cover.

Taking Cells Out of Circuit

1375. (20) Jumper must not be used with cells connected in series.

1376. (22) Care must be taken when opening the circuit so as not to

cause an operating failure of signal apparatus.

Renewing Cells.

1380. (25) When taking exhausted cells out of service, remove cen-

ter binding post or nuts and washers above top of cover, clean and set to

one side for use with new cell.

1381. (26) Remove exhau.sted elements and place in box from which

elements have been taken, care being used that none are broken in han-

dling. Solution must not be poured where it will run outside the right of

way, into running water or on metal such as pipe lines, steel battery tanks

or into trunking or on grass line.

1382. (28) Caustic soda battery must be inspected as necessary to

prevent failure.



214 Rules and Organization

1383. (31) Exhausted elements must be taken to local headquarters

and left to dry in some place sheltered from rain and away from inflam-

mable material; if left in a wet or damp condition they develop a great

deal of heat and may cause combustion unless these precautions are taken.

1384. (36) All contacts must be cleaned before making connections.

All connections must be kept tight so that there will be no movement of

wire under wing nut.

1385. (37) It is very important that connectors be kept clear of

sides of well or chute and connectors be secured so they cannot drop and

touch center binding post.

Signals

1450. (851) Signal mechanism cases should be kept clean. No ma-

terials, tools or supplies shall be kept therein.

1451. (79) Signal masts should be securely fastened to a sufficiently

large and rigid foundation, and should be kept vertical.

1452. (80) No other than signal wires or attachments may be placed

on a signal mast.

1453. (81) Ladders must be securely fastened to signal masts and

bridges ; bases of ladders must be secured to suitable foundations.

1454. (82) Signal blades and numbers must be kept clean and well

painted.

1455. (1085), (83) Lenses and roundels must be kept clean and bright.

Broken lenses and roundels must be replaced immediately.

1456. (84) Lamp brackets must be so adjusted as to insure proper

alignment of lamp with respect to spectacle and track.

1457. (77) All foundations must be rigid, level and in good alignment.

1458. Wire wheels for wire connected signals must be in good align-

ment and run free in the frames.

1459. (85) Cotter pins of the proper size must be in place in every

hole, provided for that purpose, must be in good condition and properly

spread.

1460. (86) Movable parts and threads must be kept clean and prop-

erly lubricated, but care must be used to avoid excessive lubrication.

1461. (87) Signal apparatus should be painted as often as required

to prevent deterioration. Paint must never be applied to the threads of

screw jaws, adjustment screws, etc., but these should be kept properly lub-

ricated. When painting pipe, care must be taken to see that the whole

surface is covered.

1462. (88) Gaskets for relay boxes and other housings must be in

place and in good condition.

1463. (859) Motor brushes and commutators shall be kept clean and

free from resistance at brush contacts. Brushes shall be properly adjusted

and shall have full surface bearing on commutators. Commutators shall

be treated in accordance with special instructions.

1464. (854) Ventilation ports shall be protected by wire mesh.

1465. (78) Standard clearances must be maintained.
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Interlocking Plants

1500. (69) Except for the movement of trains, levers or other ap-

pliances of an interlocking plant should not be operated other than for in-

spection or test, and then only after a thorough understanding with the

leverman.

1501. (67) In case of failure or damage which cannot be repaired

immediately, and which will endanger trains, signals must be secured to

display their most restrictive indication until the dangerous condition is

corrected.

1502. (66) Before removing rails, switch points or frogs, signals

must be secured to display the most restrictive indication. The signals

must not be restored to regular working order until it is known that the

track is safe. i ,

1503. (71) The locking of an interlocking machine must not be

changed nor removed from the machine without proper authority.

1504. {72) If the locking of an interlocking machine becomes dis-

arranged or broken, signals affected must be set to display their most re-

strictive indication ; switches, etc., in the route affected must be spiked

until repairs are made. In all such cases the Supervisor of Signals and Dis-

patcher must be notified by wire.

1505. (68) If necessary to discontinue the use of any interlocking

signal, hand signals will be used, in accordance with the operating rules

governing same. The Supervisor of Signals and Dispatcher must be

notified immediately.

1506. (1006) Interlocked switch, derail and frog points must be kept

so adjusted that they cannot be locked when one-quarter (J4) inch rod is

placed between stock rail and points six (6) inches back from point;

There must be no excessive spring of the point or lever in either position.

When the point is open there must be at least four (4) inches between the

point and the stock rail.

1507. (1011) The plunger of a facing point lock should have at least

eight (8) inch stroke and when its lever is in the normal position the

end of the plunger should clear the lock rod one (1) inch. The end of

the plunger must have square edges.

1508. (1013) The signal must not clear nor circuit close when one-

quarter {%) inch rod is placed between stock rail and point six (6) inches

back from point.

1509. (1014) The driving bar of a switch and lock movement must
have its full stroke so that it travels to the stop position both normal

and reverse.

1510. Time locks must be kept properly adjusted.

1511. Circuit controllers must be kept properly adjusted.

1512. Electric locks must be kept in good working order, contacts

properly adjusted, and must be kept sealed or locked.

1513. (1021) Detector bar should be placed on the high side of the

curve. This is necessary because when a train is passing over the curved
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track the equipment is forced against the outside rail and if the detector

bar is installed on the inside rail it might be possible for it to rise and

fall without coming in contact with the wheels.

1514. (1022) Lifting type derails should be placed on the outside rail

for the same reason as given in the previous rule. If placed on the inside

rail it may be possible for a train to pass over the derail without being

derailed. Split point derails may be placed on either side.
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Appendix B

RULES FOR THE GUIDANCE OF EMPLOYEES IN

ELECTRIFIED TERRITORY

E. H. Barnhart, Chairman. Sub-Committee.

(To be inserted preceding Rules for the Operation of Motor, Hand,
Velocipede and Push Cars.)

(a) General

220. All wires and overhead conductors, third rail and conductors

are to be considered alive at all times unless positive knowledge to the

contrary is shown. Employees should not place dependence for their

safety on the insulating covering of wires.

221. No unqualified employee shall do any work near overhead wires,

third rail or apparatus unless a qualified employee is assigned to protect

him against personal injury. When persons other than employees are

required to do work near overhead wires or apparatus they must be pro-

tected by a qualified employee, who will take necessary precaution for

their safety before starting and during the progress of the work.

222. When derricks are used in electrified territory the foreman
in charge of the derrick must take special care to safeguard the workmen
and himself from the electrified overhead wires. The operation of the

derrick must be conducted under the personal supervision of the foreman
and he must not allow any portion of the derrick or material to come
within five (5) feet of any of the overhead wires. Whenever the work
cannot be handled in the manner above outlined the foreman must request

the services of a qualified employee of the Electrical Department who will

arrange to have the power cut ofif the overhead wires adjacent to the work.

223. Employees noticing dangling wires must avoid coming in contact

with them. If energized they should so protect the wires that they will

not endanger other persons and should correct the condition or promptly

notify the proper authority.

224. All employees (excepting qualified employees authorized to do
so in the discharge of their duties) are prohibited from going on top of

box cars, locomotives, tenders or other high equipment while on tracks

electrified with overhead wires or while movements are being made to

such tracks from sidings, yards or other tracks which are not electrified.

225. Umbrellas, clothing, and other material must not be placed where
they may come in contact with switches or other portions of electric circuits.

226. When fire occurs near high voltage overhead wires or when fire

apparatus is tested near live wires the power should preferably be removed
and the wires grounded. When this is not possible special nozzles with

grounding jumpers securely attached should be used.

227. In case of an electrical fire water should not be used to ex-

tinguish it. Sand, pyrene and other extinguishers containing tetrachloride
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of carbon may be used on electrical fires on arcs or other exposed live

parts. The extinguishers containing tetrachloride of carbon must not be

used in closed places due to danger of asphyxiation.

(b) Transmission and Distribution Lines

235. Except in trouble and emergency work, no employee shall work
alone dangerously near live lines of more than 750 volts in wet weather

or at night.

236. Unless special precautions have been taken, employees working in

the vicinity of live wires must remain at a safe distance, depending on

voltage and local conditions.

237. Employees should not work in elevated positions unless secured

from falling by a suitable safety belt or other adequate means.

238. No high tension disconnecting switch should be operated except

by means of the wood poles or other approved devices provided for that

purpose.

239. Hand lines or measuring tapes containing metal strands should

not be used.

240. When necessary to work on transmission lines, either aerial or

underground, or any apparatus in connection therewith, the employees

before doing so shall notify the Power Director, giving him full informa-

tion as to what work is necessary, location and length of time required.

241. If the section or apparatus on which work is to be performed

may be de-energized, the Power Director will arrange for opening the

necessary switches in the Power Stations and sub-stations affected, or

on the line, will have them properly tagged and grounded at each discon-

nector opened for the protection of the employees and will then notify

such employee that power has been shut off the section or apparatus.

Before allowing men to work on such section or apparatus or before doing

so himself, the said employee shall make out a permit on the prescribed

form and repeat the information entered thereon to the Power Director,

who will answer "correct," if the permit is properly made out. Said

employee shall then see that all wires or apparatus upon which work is

to be done are properly grounded at each side and near where the work
is to be done, first making test according to prescribed methods to ascer-

tain that apparatus is de-energized, not only at the source but also at point

where work is being done, and if men are working with him caution them
by calling their attention to any adjacent wires or fixtures that may be alive.

242. When necessary to ground lines or apparatus, grounding sticks

of treated wood or other approved devices must be used, keeping the hands

at a minimum designated distance from the circuits. This distance is

dependent upon the circuit voltage and will be defined for each system.

These grounding sticks are to be used only after power has been cut off

the circuit and permission obtained to work thereon. Care must be taken

to attach the ground wire to ground connection before placing other end

in contact with the wire or apparatus on which work is to be done. In
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removing the ground wire it must be disconnected first from the wire or-

apparatus and then from the ground connection.

243. After work has been completed the employee who has obtained

ihe clearance must assure himself that all men are clear and that grounds

have been removed. He shall then personallj' notify the Power Director

that the work has been completed, that all men are clear and that the wires

and apparatus may be made alive. Power Director shall not have the cir-

cuits energized at the request of any other employee unless there is a

definite understanding between the employee who has obtained the clear-

ance and the Power Director that some other employee has been delegated

to report "all in the clear."

244. All permits must be forwarded daily through prescribed chan-

nels to the designated official.

245. When working on high voltage working conductor system, the

employee shall see after current has been cut off that grounds are placed

on each side and near the point where work is to be done. He shall also

ascertain from the Power Director that the line has been grounded at each

disconnector opened for his protection. H work is to be done near a

section break, on both sides of which the power has been cut off the

trolley wire, he shall see that grounds are placed on each side of this

section break.

246. In exceptional cases where physical and electrical conditions

will permit and adequate safeguards are provided, authorized employees

may perform work on overhead working conductors while alive.

(c) Third Rail

250. When working on the third rail system the employee shall either

see that the current is first cut off of the section on which work is to be

done or shall take proper precautionary measures to avoid shock. Extreme

care must be taken by all employees working in third rail territory.

251. Employees working on the track must be instructed before hand

on the dangers of the third rail and must use every precaution to avoid

coming in contact with it or allowing any track tool to come in contact

with the third rail.

(d) Track Bonding

255. Loose connections to impedance bonds in the tracks should be

regarded as alive and report promptly made to the Train Dispatcher.

256. All tracks carrying power current should be properly bonded to

insure free flow of the current through the rail joints and bonds maintained

in good condition at all times.

257. When one or more rails are removed bonding should be done

at time of renewal or in emergency, a jumper placed around joint until

proper employees can be on hand to do the bonding.
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CONDUCT OF WORK
Buildings

1650. Rubbish and inflammable material should not be allowed to ac-

cumulate in or around buildings or under platforms. The space under

buildings and platforms should be enclosed to prevent such deposit. Birds

nests, leaves, cinders, etc., should be removed from cornices, down spouts,

gutters, etc., as soon as discovered.

1651. Systematic attention should be given to the maintenance of all

portions of buildings not easily accessible, such as roof trusses, rods,

cornices, under supports, gutters, down spouts, inside posts and braces

of coal sheds.

1652. Station platforms should be kept clean, free from rubbish,

snow and ice, and defects immediately repaired. Careful attention should

be given to their proper drainage.

1653. Apparatus for extinguishing fires should be kept in place and

at a location easily accessible from in or outside of building in good

working order at all times and properly protected from freezing.

1654. Small defects, such as broken glass, locks, wood work, etc.,

should receive prompt attention. Toilet facilities, water and sewer leads

should be maintained in good order. Attention should be given to sup-

plying durable hardware for all buildings.

1655. All heating appliances should be inspected in the Spring or

early Summer, so as to allow ample time to obtain repair parts and make
necessary repairs and all parts should be thoroughly tested after being

repaired.

1656. Ice houses should be placed in condition in time to receive the

season's supply. Doors, runways, ventilators, etc., should be kept in good

condition at all times.

1657. Alterations to existing buildings should be constructed in ac-

cordance with the standard plans and specifications except where local

building laws and regulations conflict.

1658. Before relocating or altering building or platforms of minor

importance not requiring plans or specifications, careful consideration

should be given to possible changes in alignment and grade of tracks and

public improvements.

1659. During the reconstruction or alterations of buildings, special

consideration should be given to the safety of the public.

1660. Leaky faucets and valves should receive prompt attention, as

they may damage other work and increase water expense.

Painting

1700. Careful supervision must be given to all painting, and special

care exercised to obtain proper cleaning and application of first coat

of paint.

1701. (18) Before paint is applied, the surface must be cleaned of all

grease, dirt, oil, rosin, scales, blisters and paint which does not adhere

firmly.
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1702. The first coat of paint should be applied as soon as possible

after cleaning. Large structures should be cleaned and painted in sec-

tions.

1703. Painting shall be done only when the surface of the material

is perfectly dr\'. It shall not be done in wet or freezing weather unless

protected.

1704. Paint must be thoroughly mixed before it is removed from the

container. If the paint contains lumps or paint skins, it should be strained

and thoroughly stirred before applying.

1705. Each coat of paint must be well brushed out to provide a uni-

form gloss and color and coats should be of sufficient thickness to properly

protect the material.

1706. Each coat of paint must be allowed to thoroughly dry before

applying another coat, and each coat must entirely cover previous coats.

1707. Where special paint or other protective coating is desirable,

the proper authorities should be notified and authority requested for

its use.

1708. When painting steel structures, the date, kind of paint and

number of coats applied should be stenciled in plain characters on one

or more members where the characters can be easily seen.

1709. All machine finished surfaces of old steel stored for re-erection

(except abutting joints and base plates which are- painted) must be

coated with white lead and tallow applied hot.

1710. At least once each year all exposed structural steel surfaces

showing sign of scaling paint or rust must be cleaned and painted.

1711. All steel structures exposed to brine, engine gases, etc., must

be frequently and carefully examined, and, when necessary, cleaned and

painted to protect the steel from corrosion.

1712. All unpainted surfaces of old steel structures which are not

to be scrapped immediately should be painted when the structure is dis-

mantled.

1713. When painting buildings, the date should be stenciled in plain

characters on one or more places on the building where the characters

can be easily found.

1714. Necessary repairs to buildings should be made before painting.

Repaired parts of painted wood work should be primed as soon as prac-

ticable after repairs are made and before a full surface coat of paint is

applied to the entire structure.

1715. New woodwork must have all knots and sap streaks covered

with thin shellac before priming. After priming all nail holes, cracks and
indentations must be neatly filled with putty and painted with one or

more coats of color.

1716. All private buildings erected on the right of way must be

painted by their owners with a prescribed standard color.
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WATER SERVICE

Boilers and Steam Pumps

1725. Fire must be frequently cleared of clinkers, and ashes and soot

removed from flues. Ashes must not be allowed to accumulate beneath

the grate.

1726. Putting too much coal on fire will result in incomplete com-
bustion and black smoke and poor steaming effect. Carrying too thin a

fire will result in an uneven fire with too much air supply and poor

steaming effect.

1727. To bank fire for the night, clean the fire carefully, removing

all clinkers and bank fire well with wet slack coal.

1728. Boilers must be washed at least every 30 days or as often as

local water conditions make it necessary. Foaming is due to concentra-

tion of soluble salts and suspended matter and can be stopped by filling

boiler with water and blowing down. To blow down boiler first fill to

top gage cock and blow down to one gage. Repeat as often as water

conditions make it necessary.

1729. If it develops, when plant is operating, that no water appears

in the water glass the valve below water column should oe opened. If

water then appears, the flow to the boiler can be increased; if not, fire

must be pulled and boiler cooled before turning any water into it. Where
more than one shift is in charge of the pumping plant, each oncoming

man should be notified by the man leaving of any defects.

1730. Should safety valve stick and steam gage show over-pressure,

draft doors should be closed and boiler allowed to cool off to pressure at

which valve is supposed to work before any repairs or adjustments of the

safety valve are attempted.

1731. In starting a steam pump, first open all cylinder cocks on steam

cylinder to let out condensed steam and fill the lubricator; then open

throttle valve a trifle to warm up cylinder and give the condensed steam

time to run out of cylinder.

Oil Engines

1732. Attendant must be provided with a copy of and be governed

by the manufacturer's printed instructions for operating the particular

type of engine in his charge.

1733. To secure economical and satisfactory operation, engines must

be properly lubricated. Attendant must see that all moving parts are free

from dirt, properly oiled and work easily. Lubricating oil must be fluid

enough to be fed readily through the oiler. When oiler is being filled the

lubricating oil should be run through a fine mesh strainer inserted in a

funnel. The cover of the oiler should be in place at all times, except

when filling. The oiler should be drained occasionally and washed out

with gasoline. This applies also to the bearing oil cups.

1734. The machinery to be driven should be detached from the

engine until engine is in motion.
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1735. Before starting see that tank contains fuel and that a supply

of cooling water is available. Thermometers are frequently provided

which show the temperature of the cooling water around the cylinder.

When running the thermometer should register 140 to 180 degrees Fahren-

heit. The most favorable temperature will be different with different

fuels, and attendant should note the temperature at which operation is

best and attempt to keep it reasonably close to that figure. The tempera-

ture can be held at that point by regulating the supply of water to the

cj-linder jacket by means of the valve provided for that purpose. The
pump, piping and water jacket of the engine must be drained when engine

is not in use to prevent freezing and cracking of cylinder.

1736. Fuel for oil engine should be strained at the time storage tank

is filled. In some types of engines fuel is injected into cylinder through

a spray nozzle. Irregular operation may be caused by foreign matter in

the oil sticking in the spray nozzle or in the check valve in the injector

pump. The small hole in end of spray nozzle must be cleaned occasionally.

1737. Hot bearings will result from friction due to tight bearings,

lack of lubrication and loose bearing causing bearings to pound hot.

1738. To correct a hot bearing, adjust bearing carefully to eliminate

unnecessary friction and pounding. The bearings should be properly

lubricated. Water may be used on the bearing to keep the heat below

the danger point until it has become properly seated. Excessive heat

will cause the bearing to expand and stick.

1739. Too much oil in the cylinder will result in a slow burning

mixture being formed which does not develop the power that a proper

explosive mixture does, causing incomplete combustion and formation of

carbon.

1740. Carbonization is chiefly due to insufficient heat in the combus-

tion chamber and may be caused by an overloaded engine using more oil

than the heat from the combustion chamber can vaporize. It is important

to prevent carbonization that the piston rings be a perfect fit to the

cylinder walls, to prevent the loss of compression and power. Should

the piston rings become stuck in the grooves, they should be soaked with

kerosene, loosened up, and grooves carefully cleaned.

1741. To reseat valves, grind with emery and oil by revolving valve

on seat until it will hold compression, carefully clean both valves and

seat before starting engine.

1742. Knocking may be caused by loose crank brasses, piston brasses

or bearings. Loose piston rings cause a knock in the cylinder which is

sometimes very hard to locate. Pre-ignition will also cause knocking in

the cylinder.

1743. Pre-ignition may be caused by an overload on the engine, by

ignition of carbon deposit on cylinder walls and head and by the cylinder

being too hot.

1744. The principal causes contributing to the rapid deterioration of

internal combustion engines are lark of proper lubrication and absence of

cooling water on the jacket.
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Electric Motors

1747. Motor, control and pump should be inspected at least once

each week, at which time all parts should be thoroughly cleaned, and all

contacts carefully inspected to see that they make and break at proper time

and that contact surfaces are clean. All wearing parts should be well

lubricated and special attention should be given to motor bearings. Build-

ing where motor is located should be kept clean. No papers or oily waste

should be allowed to collect in switch boxes, near motor or near any

electrical contact or wires.

1748. Waste must not be used around commutator or brushes, and

gasoline or emery paper must not be used to clean commutator. If motor

sparks excessively the proper official should be notified.

1749. Motor should be watched carefully for overheating. The
commutator should not be allowed to become worn or grooved by the

brushes.

1750. Any displaced wire must be reported. No attachments should

be made to the wiring, as serious damage may be done to the equipment

and there is danger of personal injury. A fuse must never be replaced

with anything but a proper fuse. If one of a higher ampere rating is

used it may cause serious damage to the motor. The fuse is the electrical

safety valve and should no more be tampered with than a steam safety

valve. A test lamp should be used to find blown fuses, thus avoiding

chances of electric shocks. A gage should be applied to each alternating

current motor to test the space between motor and field poles. If gage

will not pass freely the bearings need immediate attention.

1751. On pump motors controlled from a distance, the remote con-

trol starter located in the pumphouse should be inspected and tested fre-

quently to see that it starts the motor properly. Any badly burned con-

tact should be reported,

1752. To start a direct current motor move the arm of starter

slowly over contacts from the "off" to the "on" position as the motor

comes up to speed.

1753. An alternating current motor is usually started with an auto-

starter, the lever of which is usually thrown first to the starting position

and held until motor has attained normal speed and then to the running

position.

1754. The commutators on a direct current motor should be cleaned

with a rag moistened with signal oil, or kerosene.

1755. A fried or charred appearance of the insulations of the wind-

ings, especially the armature, indicates that the motor is overheated.

1756. The proper temperature of the motor is indicated when the

two field coils and armature are not too hot to be uncomfortable to the

hand after the motor has been running an hour.

1757. Motors should be lubricated once a month. Motors should

be lubricated by draining oil from the boxes, cleaning the boxes and refill-

ing with clean oil.
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Water Softeners

1758. Directions for testing water and instructions on the operation

and care of the treating plant will be issued and must be kept posted in

the plant and strictly adhered to.

(Note—Definitions relating to Water Service may be found in the

Manual, pages 625 to 628. Questions and answers to be used in the

examination of employees in the Water Service Department may be

found in the Manual, pages 648 to 654.)

RULES FOR INSPECTION OF BUILDINGS

General

1. The inspection and maintenance of all buildings will be under the

direct supervision of (Title) , who will be responsible for

the proper upkeep.

2. The (Title) shall personally inspect every building

in his territory at least once each year.

3. As many competent inspectors, who are familiar with general

building construction and maintenance and who have a knowledge of good

practice, as may be necessary to properly cover the territory will be as-

signed to this inspection under the direct supervision of the. . . . (Title) ....

4. These inspectors shall forward to the (Title) in

] trinl'^^t^ \ °" ^^^ proper form (1) provided, a report of each building or

structure inspected, stating in detail the condition found, covering, how-

ever, only parts of work requiring repairs or renewals. One of these

forms shall be forwarded for each building inspected, shall be complete

in itself, showing actual conditions found, regardless of previous reports.

Report shall be forwarded at the close of each day's inspection.

5. The (Title) shall examine these reports, and if

any defects of a serious nature are reported, take immediate steps to

make necessary repairs. After the (Title) examines the

reports he will send one copy to his superior officer, calling particular at-

tention to the serious defects, advising action taken for correction, and

also to the defects which are not serious but are sufficiently urgent or

important to warrant the attention of such officer.

6. The (Title) shall make a personal inspection of

each building or structure not less than once each year ; shall examine

the inspection reports forwarded him by subordinates, keeping his im-

mediate superior officer promptly informed of any defects which require

attention. He shall make recommendations to his superior officer of the

work to be done to remedy conditions or to make permanent improve-

ments. He shall at regular intervals make report to his superior officer

on proper form (2) covering results of Division Inspectors' reports, state

action taken to remedy defects or make recommendations to cover such

work. He shall frequently examine his card index to become familiar
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with the condition of the buildings under his charge.. He shall furnish

annually a report to his immediate superior officer, stating the condition

of each building and other structure on his territory.

7. The (Title) and his subordinates shall be thor-

oughly familiar with the condition of all buildings and structures under

their immediate charge.

8. At least once each year a general inspection shall be made by the

head of the department or his representative, who is directly responsible

for the maintenance of buildings and structures. From this inspection, a

program of all work necessary during the ensuing year to keep the

building in safe, sanitary and presentable condition will be prepared.

Field Inspection

9. Division Building Inspectors will report to and receive instructions

from (Title) In selecting inspectors, particular atten-

tion should be given to their judgment, previous experience and familiarity

with the buildings in the territory to which they are to be assigned.

10. It shall be the duty of the Division Building Inspector to inspect

all buildings and structures in his territory other than bridges, trestles

and track structures.

11. The Division Building Inspector shall at the close of each day

send to the (Title) a report on approved form (1) in

I trlolicate \ showing defects, if any, giving a clear description of the

defects in sufficient detail so that materials for correction may be ordered,

if the case be urgent. Every part of the structure must be examined

from foundation to roof, inclusive. Special attention should be given to

the inspection of foundations and roofs, to heating and plumbing appli-

ances and such facilities as may through lack of proper upkeep cause ac-

cidents, loss in time or money or serious inconvenience to the public. In

the event that the entire structure is found in good condition, a check

mark on the report in space provided for the purpose is all that will be

required and no details need be given. Each report shall cover only a

single structure and shall be filled in on the form as soon as the inspection

is completed.

12. Careful inspection shall be made of the steel roof construction

in all locations where soft coal gas is prevalent as in engine houses, boiler

and smith shops, train sheds, etc.

Records

13. The (Title) upon receiving reports from the

Division Building Inspector, after carefully examining same shall have

the information entered on a card index file. This index file should have

guide cards for each location and class of structure and sufficient data

cards back of each guide card on which to copy essential information

from the Division Inspector's reports.
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14. The location guide card (Form 3) should show "Location or

Milepost," Division, Valuation Section and Number.

15. The guide cards for various classes of buildings (Form 4) should

be of different colors, for "Stations and Office Buildings," "Roadway
Buildings," "Shops and Engine Houses," etc.

16. The inspection data cards (Form 5) should show the name of

building, location, number, date erected, general dimensions, character of

construction (i. e., frame, brick or concrete, etc.) and should have suf-

ficient space in which to write the important facts shown on the inspection

forms; one or more cards being used for a building as the case may re-

quire.

Forms

17. The following forms are recommended for use of:

(1) Division Building Inspector.

(2) (Title) periodical report to his superior officer.

(3) Card record in (Title) office.

(4) Card record in (Title) office.

(5) Card record in (Title) office.

18. The forms for Division Building Inspector's use should be

printed in books of 100 or more leaves, each perforated with carbonized

back, with stiff cardboard or linen backs of a size not exceeding 4^/2 in.

-by 6H in.

19. The forms for card index in (Title) office

should be similar to samples of any standard manufacture.

20. The (Title) periodical report of building in-

spection to his superior officer should preferably be correspondence size

with no ruled cross lines.
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Division Building Inspector's Report

Form 1

North and South Railroad

Division. . . .Location of M. P Val. Sec
Building Used as Date Built

General Condition of Building :

Good Fair Bad
Note—If condition is good, place check mark at

left of item.
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Periodical Building Inspection Report

North and South Railroad

Division

Building Inspection Report for Period Ending

229

Form 2

Action Tikcn

or Recommended

Date

(fitie)

Note—This report to be prepared

and to include all buildings and structures inspected by
Building Inspectors during
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Location Guide Card
Form 3

Division
.

location

.

Valuation Section ,

Class of Building Guide Card
Fonn 4

y V
Division

.

location .

Valuation Section.

Number __^.^.^_

(To be of different colors for Stations and Office

Buildings, Roadway Structures, Fuel Stations, Shops
and Engine Houses.)

Inspection Data Card
Fonn 5

.Data Built

wide X long Brick—- Frame ^Concrete—

(To show Location, Number, Date Built, General
Dimensions, Character of Construction and Inspection
Data.)
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Appendix C

RULES FOR HANDLING EXPLOSIVES, SCRAP AND
REFUSE MATERIAL

E. H. Barnhart, Chairman, Sub-Committee.

Scrap and Refuse

1. Worn-out and unserviceable tools must be turned into the Stores

Department, according to instructions.

2. Salvageable scrap will be picked up and stored at designated points

for disposition.

3. Track ties, head blocks and switch ties removed should be piled

adjacent to the track and culled before final disposition.

4. Material and rubbish from repairs of bridges, buildings, trestles,

culverts, telegraph lines, fences, etc., must be cleaned up as soon as the

work is completed. Material of a usable nature must be placed in a con-

venient pile for loading. If rubbish is burned see that the fire is at a

safe distance from all structures.

5. Material piled for inspection or loading must be placed at a safe

distance from the track.

6. Rubbish and waste from station grounds, buildings and freight

houses which cannot be burned should be buried or otherwise disposed

of as directed.

7. In burning refuse when incinerators are not available the fire must

not be left unattended or started unless sufficient force is at hand for

keeping it under control. The fire must be put out before leaving.

Explosives—Dynamite

1. Danger signs must be conspicuously placed on all buildings and

magazines in which explosives are. stored. The Supervisor must be

familiar with the state and federal laws and local regulations covering

the transportation and storage of explosives. He must see that these

requirements are imderstood and obeyed by the employee delegated to

handle the explosive to be used.

2. Dynamite, powder and other explosives shall be stored in fireproof

magazines located at a safe distance from the company buildings, build-

ings and property of others, in accordance with the law, and where they

are not liable to be interfered with.

3. The supply in storage should be kept at the minimum for the

requirements and be removed in small quantities as needed.

4. Fusees and caps must in no case be stored in the same building

with explosives.

5. No man should be assigned to the handling of these explosives

who is not able to satisfy the Supervisor of his qualifications and previous

experience in their use.

6. Employees shall not strike or light matches while handling ex-

plosives. An employee shall not carry a lighted candle or other fire while
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handling dynamite or other explosive supplies. No explosives may be

brought within five feet of any lantern or enclosed fire.

7. Under no circumstances may an employee permit dynamite, detona-

tors or other explosives he may be handling to be placed near a fire or

within range of flying sparks even though the explosive is packed in a

strong tight box.

8. When frozen, dynamite may fail to explode or explode with little

force, and in either case a whole or part of the charge may be left in the

"bore" hole or mixed with broken rock or dirt. Such dynamite is liable

to explode if struck with a shovel or other tool and cause personal injury

or loss of life.

9. Dynamite is likely to freeze when its temperature falls below

50° Fahr. and dynamite of such temperature must be considered as frozen

and thawed before using.

10. Dynamite may be thawed by using an approved kettle or by

placing it in a tight box and burying it in fresh manure.

11. In thawing dynamite with an approved kettle: First, fill the

water compartment with water of such temperature that it will not be

higher than 100° Fahr. when the dynamite is put in the compartment

provided for it. Second, place the dynamite in the compartment provided

for it after ascertaining that the compartment is clean and dry.

Do not place dynamite in the kettle when the temperature of the

water is above 100° Fahr.

Do not place the thawing kettle near a lighted lantern or a fire of

any kind.

Inflammable Oils

12. All gasolines evaporate rapidly in hot weather, but even in the

coldest weather, gasoline gives off inflammable vapors in sufficient amount

to ignite readily. This vapor is heavier than air and tends to form a

layer along the ground and only mixes slowly with the air.

13. Gasoline and other similar fuels for use in pumping plants and

motor cars, etc., must be kept in tanks buried in the ground and properly

ventilated. These tanks must never be filled by open lamp or torch light.

Lighted matches, pipes or cigarettes must be kept away from these tanks.

14. Oil-soaked rags or waste often cause spontaneous combustion.

Do not allow these to accumulate.

Fusees, torpedoes or matches must be kept or carried only in con-

tainers provided for their protection.

15. Do not use water on an oil fire. Smother if possible with dry

earth, steam or wet blankets.

16. In case of wrecks involving tank cars of inflammable oils the sec-

tion foreman should be specially careful to

:

(a) Police the location.

(b) Cause the removal or prevent the approach of all lights or

fires other than closed electric lights.

(c) Keep all unauthorized persons away.
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RULES OF PROCEDURE IN CASE OF ACCIDENT

General

1. When an accident has occurred the most important point is that

someone must take upon himself the direction of affairs. If you arc

the employee of highest rank on the ground, take command at once.

2. Immediately send a reliable person to get in touch with the nearest

Company's surgeon. Should the need of surgical aid be very urgent,

summon any surgeon \vho can arrive the quickest, at the same time notify-

ing the Company's surgeon.

3. In the meanwhile, designate those who are to minister to the in-

jured, selecting men you know to be best qualified.

4. Spectators will crowd around, depriving the injured man of air

and hindering you with their advice and comments. Make them stand

back at a distance, well out of the way.

5. Do not permit whisky or other alcoholic liquor to be given the

patient while under your direction.

6. If local fire department is available material assistance can be

rendered by them, if called. Do not hesitate to call on them for aid.

Accidents

1. All telegraphic calls for surgeons will have precedence over all

other business, except train orders.

2. In cases of injuries to passengers or employees requiring surgical

aid, the surgeon of the Company who can reach the point the quickest must

be immediately called by the officer in charge, and the case put in his

exclusive control. If impossible to secure immediate attendance of Com-
pany's surgeon, other surgical aid should be promptly secured to attend

until the arrival of the Company's surgeon. Upon arrival of Company's

surgeon, he shall assume charge of the situation, making proper arrange-

ments with the surgeon already in attendance for continuance, or discon-

tinuance, of services.

3. When a number of persons are injured, the services of competent

surgeons in the vicinity should at once be secured and every attention

given the wounded. Company's surgeons must be immediately notified,

giving number of persons injured, and what probably will be required for

their relief.

4. The Company will not be responsible for the employment of

other surgeons than those above named, and no obligation of any kind,

beyond the services required while awaiting the arrival of the Company's

surgeon, or subsequently arranged by him, must be assumed for the Com-
pany.

5. The officer in charge will arrange to have the injured persons

removed from the scene of the accident as promptly as possible, providing

an ambulance or other conveyance, and sending a man or men with the

injured persons, when necessary; any expense incurred to be billed direct

to the Company, or paid by the person in charge, who will present a

statement of same and receive voucher.
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6. No important surgical operation should be performed previous

to the arrival of Company's surgeon, except such as may be required for

the immediate safety of the patient.

7. While the Company's surgeons will be assigned to duty within

prescribed limits, they will be expected to go out of such limits whenever

required.

8. Employees will be expected, whenever able, to visit the Company
surgeon's office for treatment, except where their residence is remote

therefrom.

9. Emergency cases, directions for the use of which are contained

therein, will be carried on all trains and at all important shops and sta-

tions.

10. Employees who witness or have any knowledge whatever of

an accident, should refrain from giving information to the injured person

or anyone else except the Company's officers and claim agents, unless

legally required. Persons seeking information should be referred to the

Claim Agent or other official of the Company.

11. It is the desire of the Company that all statements in reference

to personal injury accidents should be as full as possible and that all

facts should be stated, whether favorable or unfavorable, to the injured

person, the Company or its employees.

RULES GOVERNING FIRST AID TO THE INJURED

Shock

1. After a painful injury, the person will be greatly prostrated

—

more or less dazed ; his face pale and covered with cold sweat
;

pulse

and breathing weak. He is suffering from shock, which will be severe

in proportion to the severity of the injury. The best thing to give him

is a half or a whole cup of strong black coffee or tea, or even hot water

slowly swallowed. Lay him flat on his back with head low. The coldness

of his body-surface indicates that all blood is driven to the internal or-

gans. You must return it to the natural channels. Wrap him in warm
blankets. Apply bottles filled with hot water, or heated bricks, everywhere

about his body and limbs, taking care that you do not burn his skin.

Examination

2. In order to relieve the suffering of an injured person, you will

first have to ascertain the extent of his injury. It may be found necessary

to remove some portion of the clothing, which often cannot be done in

the usual way, because the slightest movement of the body would greatly

increase suffering. With your pocket knife cut oft' the trousers, coat and

shirt by ripping up the seams, but the underclothing must be cut or torn

off the easiest way, and likewise the shoes, when a foot is badly crushed.

You will generally find a bleeding wound that will call for first attention.
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Hemorrhage or Bleeding.

3. Do not forget that exposure of the wound to the air, especially

if, at the same time, you elevate the injured part as high as you can get

it, is all that is necessary to stop bleeding in a large majority of cases.

Pressure of a firm bandage directly upon the bleeding point should also

be tried.

4. Should these means fail to stop the bleeding after several minutes'

trial, you will have to make pressure upon the blood-vessels through

which the flow is coming toward the wound. The blood flows from the

heart, through the vessels, precisely as water flows from the hydrant

through your garden hose. If the water is streaming through a break

in the hose, the escape can be stopped by pressure on the hose between the

break and the hydrant. In the same way you can stop bleeding from a

wound, by making pressure on the blood vessels somewhere between the

bleeding point and the heart.

5. In the arm and leg the vessels are buried among the muscles,

hence to bring pressure to bear upon them you will have to tie a strong

bandage, a handkerchief, rope, strap or similar article tightly around the

limb. An article thus employed is called a "constrictor," because it con-

stricts, or squeezes close together, all the parts within its embrace.

6. Above the elbow and above the knee there is one bone. The

blood vessels lie close to this single bone, and you can compress them

with ease between your constrictor and the bone. Below the elbow and

below the knee there are two bones, some of the vessels are placed between

the two bones. When you wish to stop bleeding in arm or hand injuries,

tie the constrictor high on the arm, close to the shoulder, and in leg or

foot injuries, tie it high on the thigh close to the groin. In these situations

the vessels lie nearer to the surface than in other parts of the limbs, and

are therefore more easily compressed.

7. It will often be sufficient merely to tighten a strong handkerchief

around the lightly clothed limb. If this does not succeed, tie the con-

strictor loosely around the limb, passing a piece of broom handle or stout

stick through the loop, and twist it slowly till the bleeding ceases. If this

tears or bruises the skin, concentrate the pressure at one point, namely,

directly upon the vessels. The course of the vessels in the limbs is easy

to remember. In the upper arm they follow a line from the middle of the

armpit to the middle of the bend of the elbow ; and in the upper leg,

from the middle of the groin to the inner side of the knee joint.

8. First lay bare the limb; then take a small, hard object, a cork,

SDOol, stone ; wrap it in cotton or a soft handkerchief to protect the

skin, and place it under the constrictor by twisting the stick. The mo-

ment bleeding ceases, discontinue the twisting. The stick can be kept

in position by looping a bandage around one end of it, and tying the

two ends of the bandage on the opposite side of the limb.

9. Keep the constrictor just tight enough to stop the bleeding, and

no tighter. The pressure should be released every half hour. Should
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bleeding recommence, quickly replace the constrictor, but it may be laid

aside, if bleeding has ceased.

Wounds
10. To avoid introducing germs, do not wash a wound or allow

your hand or the hand of the injured man to touch any part of it. If

germs can be kept out, the wound will heal quickly and naturally.

11. To protect wounds from further injury, apply a dressing, but do

not put a cud of tobacco, or waste, or cobwebs, or a soiled handkerchief

upon it. Go to your Emergency Box, where you will find, in clean and

sterile condition, everything you will need in emergencies. A pad of

gauze (called a compress) should always be laid directly upon the wound,

taking care not to touch with your hands the surface next to the wound,

upon this place a layer of cotton and hold in place by a bandage wound

above the limb.

Burns

12. The suffering caused by a burn is increased by exposure of the

burned surface to the air. The white lead used by painters, when brushed

over small burns, has been found to give immediate relief. The most

convenient remedy for burns is common baking soda, a package of which

is in every emergency case. For use on small burns, make the soda into

a paste with water, and spread on in a thick coat. When the burn

involves a large area of skin it is better to dissolve the entire package

(J4 lb.) in half a gallon of water. Take enough triangular bandages

from your emergency case, or clean linen from a Pullman car, or from

the caboose, soak in the solution and wrap about the burned area. This

dressing should be held in position with bandages, and both bandages and

dressing be kept wet by frequent liberal sprinkling with the solution.

Broken Bones—Fractures .

13. A simple fracture is one in which the broken bone does not

communicate with an open wound in the skin. A compound fracture

is one in which the broken bone does communicate with an open wound
in the skin.

14. Ordinarily, a simple fracture need cause no alarm. It may go

untended for some hours without serious risk to the patient. If the

surgeon is expected to arrive within a reasonable time, make the injured

person as comfortable as possible, supporting the broken limb upon a

pillow, folded coat or other suitable soft pad.

15. If it should be necessary to take the patient from the scene of

the accident, do not attempt to move him until the broken limb has

been tightly secured by splints. The reason for this is that the ends of

the bone at the break are often sharp and, if roughly handled, they will

push their way through the flesh and protrude outside through the skin.

16. Before applying splints it will greatly add to the comfort of a

patient with a simple fracture if you gently draw the injured limb into

its natural position, always determining the natural position by comparing
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the injured limb with the opposite side. But when the injury is a com-

pound fracture, if the injured limb is doubled back under the body or

otherwise bent out of line, draw it gently into a straight position, but

make no effort to restore its natural shape. Dress the flesh wound

before putting on splints.

Eye Injuries

17. When you get something in your eye that has fastened itself to

the eye-ball, do not pick at it yourself or allow others to do so. Go to

the doctor. The use of a tooth-pick, lead pencil or pocket knife is ob-

jectionable. Such things are usually unclean and almost certain to convey

germs into the injured eye and cause inflammation.

18. By gently turning the lid over a lead pencil you can often see the

foreign body; or it may have lodged and not adhered to the eye-ball. In

these instances you can safely try to remove it. Around the end of a

match wrap a bit of clean cotton, or the edge of a soft handkerchief.

Brush this lightly over the foreign body several times. If you do not

quickly dislodge it you will not be justified in continuing your efforts.

19. A doctor should be consulted when your eye is inflamed or pain-

ful from even a slight injury.

20. When a severe injury is received, as, for instance, laceration of

the eye-ball, the injured man must be taken to a surgeon immediately.

Cover the eye with absorbent cotton or soft rags soaked in cold water and

fasten in place with a bandage around the head. Do not make the

bandage too tight, and keep the dressing wet with cold water until the

patient reaches the doctor.

Electric Shock

21. While attempting to rescue a person injured from a powerful

electric current, do not touch his body if he is still in contact with the

live wire or third rail, because you will receive in your own body the

full force of the current.

22. As rubber is a non-conductor, rubber gloves will give protection;

or a rubber coat wrapped about the hands. But these things are not

often to be had quickly, and quick action is imperative.

23. Try to push the wire away, using a dry stick or board. If you

can get hold of the coat tails or other loose portion of the clothing pull

the injured man by grasping them, provided they are not wet. The cur-

rent may be broken by cutting a live wire, using a hatchet with a dry

wooden handle.

24. Electric shock from powerful currents is very often instantly

fatal, but if it is impossible to tell in any case that life is certainly ex-

tinct, an attempt should always be made to save the life of the patient

by prompt action. A doctor should be summoned with the greatest

urgency, but do not waste time waiting for him, as the minutes and

seconds are precious.
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25. Electric shock kills by paralyzing the breathing apparatus. The
injured person has lost the power of drawing in and expelling air from

his lungs. The object of your efforts is to do this for him, by putting

his chest through the movements imitating breathing. The best method

of practicing artificial respiration, or breathing, is as follows

:

Artificial Respiration

26. The patient is laid on the ground face down. One arm should

be bent so that the forehead rests on it. The face must be turned to one

side so that the air can pass into the nose and mouth. Kneeling astride

the bodj^ place the palms of your hands across the small of the patient's

back, with the thumbs nearly together. By bending your body forward

and allowing its weight to fall on your wrists, you squeeze his chest

into smaller size and expel the air from the lungs. Now release the

pressure and the chest will naturally return to its normal size, and air

again enters the lungs. Go through this motion about twelve to fourteen

times a minute. To carry on artificial respiration is extremely laborious.

The services of several persons are required to relieve one another by

turns, and efforts should be kept up for at least an hour and a half, as

persons apparently lifeless have been revived after long-continued labor.

Drowning—Suffocation

27. Persons who have been rescued after more or less prolonged

submersion in water, and those who have been overcome by gases as in

a railroad tunnel, are precisely in the condition resulting from powerful

electric shocks. They are suffocated, but the power of breathing may be

only temporarily suspended. The only hope of reviving them is by

artificial respiration, which should always be attempted and persisted in

for two hours.

Sunstroke and Heat Exhaustion

28. Sunstroke and heat exhaustion are caused by long-continued

hard labor in the summer sun or in close, hot shops. It is of importance

to be able to know which of the two conditions has been produced, be-

cause what would properly do for the aid of one would be harmful for

the other.

29. When a person receives a sunstroke, he falls unconscious. His

face is red, breathing noisy, pulse weak, skin burning to the touch.

30. When overcome by heat exhaustion, the person is simplj' dazed;

the skin pale, cool and moist.

31. Note the two sets of symptoms are exactly opposite.

32. In sunstroke the heat of the body must be reduced as quickly

as possible. Put the patient in a cool place and apply ice, or cloths wrung

out in cold water, to his head and along his spine.

33. In heat exhaustion keep the patient quiet and give him the as-

sistance advised under "Shock," namely, hot tea, coffee or water, and
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apply bottles of hot water to his body. In either case, get the person

into a doctor's care as quickly as possible.

Emergency Cases

34. Surgeons speak of dressing material as being clean or as being

dirty; there is no middle ground
35. The words clean, sterile, antiseptic, in the surgical sense, have

the same meaning. A clean dressing is one in which the germs have been

destroj'ed by some means, generally by exposure to intense heat, or to the

action of strong chemicals, as bi-chloride of mercury. After being

sterilized the dressing is enclosed in an airtight covering to keep the

germs from it, until wanted for use. Sterile dressings are the only kind

that should be applied to wounds.

36. Examine your Emergenc}' Case frequently to satisfy yourself

that the supplies are unbroken. If any of the articles are missing, fill

the deficiency' at once, following the directions pasted inside of the lid.

37. It is a good practice also to familiarize yourself with ever>-

separate article in the case, and the use it may be put to.

Splints

38. The commonest form of splint consists of two thin, flat boards

between which the injured part is securely fastened. But as railroad

accidents often happen in out-of-the-way places, where choice of materials

cannot be had, it will be necessar>- to use anj-thing that can be made
to answer the purpose of splints. Umbrellas have been used, and canes,

barrel staves, fence pickets, pillows, bed clothes, etc Whatever you

select must be long enough to cover the joint above and below the seat

of fracture, and if wooden splints are used the\- must be well padded to

protect the skin against chafing and bruising. If the person is lightly

clad, put on the splint outside of the clothing.

Stretchers

39. A stretcher is provided by the Company in every shop, on ever\'

baggage car and in the care of many station agents. A list of the latter

is printed in the time-table.

40. When it is necessarj- to move a person from the place of accident

to a hospital or to his home, or elsewhere, and a Company stretcher

cannot be produced, one can be constructed for the occasion in the fol-

lowing manner:

41. The sleeves of two coats are turned wrung side out and the

coats are spread on the ground and their lower edges touching. A pole

is then passed through the sleeves on each side. The coats are then

buttoned up with the buttoned side turned down. A piece of wood should

then be placed across the poles as a head rest.

42. The blanket stretcher is made as follows : Two strong poles

should be cut to the proper length—narrow fence rails, limbs of trees, or



240 Rules and Organization

small saplings will answer. A blanket is then placed on the ground and

the poles rolled from each side in the edges of the blanket until the

portion remaining unrolled is of sufficient width for a stretcher bed.

This stretcher may be made more secure by wrapping cords about the

portion of the blanket surrounding the poles, and the cords passed through

holes made in the blanket near the poles. Two sticks or pieces of board

may be fastened at either end to hold the stretcher ends apart. Many
other things, easily procured, may be used for stretchers in case of neces-

sity. Such things as doors, window-shutters, boards, mats, etc.
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To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

(1) Revision of Manual (Appendix A).

(2) Electrical Interference caused by Propulsion Circuits.

(Appendix B).

(3) Utilization of Water Power for Electric Railway Operation

(Appendix C).

(4) Electrolysis—Collaborate with the American Committee on

Electrolysis (Appendix D).

(5) Collaboration with the U. S. Bureau of Standards in the re-

vision of the National Electrical Safety Code under the

procedure of the American Engineering Standards Com-
mittee with particular reference to Part II and the A.R.A.

Specifications for Electric Light, Power Supply and Trol-

ley Lines Crossing Railways (Appendix E).

(6) Revision of the Specifications for the Construction of Over-

head Electric Supply Lines for Railroad Use on Railroad

Property (Appendix F).

(7) Cooperation with Committee XVI—Economics of Railway

Location (Appendix G).

(8) Specifications for Adhesive and Rubber Tapes (Appendix H).

(9) Revision of Specifications for Porcelain Insulators, for Rail-

road Supply Lines (Appendix I).

(10) Tables for Third Rail and Overhead Working Conductor

Clearances (Appendix J).

(11) Rules for the Protection of Oil Sidings from Danger Due to

Stray Currents (Appendix K).

(12) Outline of Work for the ensuing year (Appendix L).

Bulletin 271, November, 1924.
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Action Recommended
1. Approve as recommended practice and print in the Manual the

Specifications for the Construction of Overhead Electric Supply Lines

for Railroad Use on Railroad Property. (Appendix F.)

2. That the report on Inductive Coordination in Appendix B be

accepted as progress and the subject continued.

3. That the report on Water Power in Appendix C be accepted as a

progress report and the subject continued.

4. That the report on Electrolysis in Appendix D be accepted as in-

formation and the subject continued, with representation on the American
Committee on Electrolysis without commitment as to subscription or dues.

• 5. That the report on Co-operation with the U. S. Bureau of Stand-

ards and the revision of the National Electrical Safety Code under the

procedure of the American Engineering Standards Committee as contained

in Appendix E be received as information and co-operation with the U. S.

Bureau of Standards be continued.

6. The Committee recommends that: (a) the Specifications for the

Construction of Overhead Electric Supply Lines for Railroad Use on

Railroad Property, as herein revised, be approved as recommended prac-

tice and printed in the Manual; (b) the Specifications for Maintenance

of Transmission Lines be tentatively accepted as an Addendum to the

Supply Lines Specifications pending final revisions after one year's use,

and, (c) the Specifications for the Joint Use of Poles be tentatively

accepted as an Addendum to the Supply Lines Specifications pending final

revisions after one year's use.

7. That the report on Collaboration with Committee XVI—Economics

of Railway Location, in Appendix G, be accepted as progress and the

subject continued.

8. That the report on Specifications for Adhesive Tape for General

Use for Electrical Purposes and the Specifications for Rubber Insulating

Tape, in Appendix H, be accepted as information and the subject continued..

9. That the Standard Specifications for Porcelain Insulators for Rail-

road Supply Lines as contained in Appendix I, be continued as a Tenta-

tive Standard pending final revision next year.

10. That the Tables for Clearances for Third Rail and Overhead

Working Conductors as reported in Appendix J be revised and brought

up to date next year.

11. That the report on Protection of Oil Sidings from Danger Due
to Stray Currents as contained in Appendix K be accepted as information.

Recommendations for Future Work

1. Revision of the Manual.

2. Continue the study on Electrical Interference caused by propul-

sion circuits, including recommendations for eliminating interference with

signal, telephone and telegraph lines caused by propulsion circuits and

adjacent transmission lines. Continue representation on the American

Committee on Inductive Co-ordination and collaborate with the appropri-

a.te committees of the Telephone and Telegraph Section and with the Sig-
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nal Section, with the view of submitting a joint report to the American
Railway Association.

3. Continue the study and report on the Utilization of Water Power
for Electric Railway Operation.

4. Continue collaborating with the American Committee on Elec-

trolysis, retaining membership thereon but without committing the Asso-

ciation to subscriptions or dues until approved by the Board of Direction.

5. Continue collaboration with the U. S. Bureau of Standards in the

revision of the National Electrical Safety Code and other Codes of similar

character. Continue the study of Electric Light, Power Supply and Trolley

Lines Crossing Railways, with the view of keeping the Association in-

formed with regard to changes which may be desirable in the adopted

specifications to make them conform more nearly with the requirements

of Part II of the National Electrical Safety Code prepared by the U. S.

Bureau of Standards and with the requirements of Public Service Com-
missions and other regulatory bodies in the various States. Continue the

State Representatives and their Alternates.

6. Continue the study and report on the Specifications for the Con-

struction of Overhead Electric Supply Lines for Railroad Use on Railroad

Property, collaborating with the appropriate committees of the Signal

Section and the Telephone and Telegraph Section with the view of keep-

ing the adopted specifications revised and up to date.

7. Continue the study and report on Economics of Railway Location

as affected by electric operation, collaborating with Committee XVI

—

Economics of Railway Location.

8. Continue the study and report on the Specifications for Adhesive

and Rubber Tapes with the view of recommending any changes or modifi-

cations in the adopted specifications with the view of keeping them revised

and up to date.

9. Continue the study and report on Specifications for Porcelain

Insulators for Railroad Supply Lines, collaborating with the appropriate

Committees of the Signal Section and the Telephone and Telegraph Sec-

tion with the view of advancing the Tentative Specifications to Recom-

mended Practice.

10. Revise the Tables Showing Third Rail Clearances and Tables

Showing Overhead Working Conductor Clearances contained in last year's

report.

11. Continue the study and report on Rules for the Protection of Oil

Sidings from Danger Due U> Stray Currents with the view of keeping the

adopted Rules revised and up to date, co-operating with appropriate com-

mittees of other interested associations.

12. Study and report Specifications for Track and Third Rail Bonds

for Electric Railway Circuits, including gas, electric and Thermit welding.

13. Revise and bring up to date the adopted Specifications for In-

candescent Lamps and Schedule of Sizes.

Respectfully submitted,

The Committee on Electricity,

Edwin B. Katte, Chairman.
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Appendix A

(1) REVISION OF MANUAL

E. B. Temple, Chairman, Sub-Committee; J. H. Davis, W. J. Eck, W. L.

Morse. A. E. Owen, E. B. Katte.

Recommendation

That there be printed in the Manual as recommended practice the

Specifications for the Construction of Overhead Electric Supply Lines for

Railroad Use on Railroad Property as contained in Appendix F.

Appendix B

(2) INDUCTIVE CO-ORDINATION

J. C. Davidson, Chairman, Sub-Committee
; J. V. B. Duer, R. Beeuwkes,

W. M. Vandersluis, S. Withington, E. B. Katte.

The activities of the Committee have been confined to co-operating

with the American Committee on Inductive Co-ordination. The represen-

tatives of the American Railway Association are the same as appeared

in last year's report. The Organization Meeting of the American Com-
mittee was held on November 27, 1923, at which time Mr. Bancroft

Gherardi was elected temporary Chairman and a Program Committee

appointed.

The second meeting of the American Committee was held in New
York City on November 12th, 1924, at which time the following progress

report and work program was adopted and the Sub-Committees appointed

:

Report No. 1

AMERICAN COMMITTEE ON INDUCTIVE CO-ORDINATION

Organization, Scope and Personnel

November 12, 1924.

The problem of electric inductive co-ordination is one which has
occupied the attention of the wire-using utihties for some years and is of

ever increasing importance as the systems of the various utilities grow
and develop. That the problem is a mutual one which requires co-opera-

tive action for its proper handling is shown by the large amount of co-

operative work which has been and is being done on this subject and the

successful results obtained by such joint action.

Within the past two years there has been a growing feeling that much
could be accomplished by. the organization of a joint committee which
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would be representative of all the wire-using utilities. It was felt that

through such a committee a common knowledge of inductive co-ordina-

tion could be obtained throughout the industry and this would promote a

better understanding between the respective utilities in their handling of

this problem.

As the result of this feeling several representatives of national bodies

concerned in the operation of wire-using utilities met some time ago and
decided to endeavor to arrange for the formation of a national committee.

Subsequent correspondence with the various interested organizations in-

dicated a general approval of the movement and a meeting was therefore

called, at which it was decided to form a committee to be known as the

American Committee on Inductive Co-ordination. In organizing the

Committee it was recognized that much constructive work was now being

effectively done on the subject of inductive co-ordination and such work
should not be superseded but rather should be encouraged by the new
Committee's activities.

At a meeting held to establish a permanent organization a set of

By-Laws was unanimously adopted and a copy thereof is attached to this

report. Section II of these By-Laws sets forth fully the purpose and
scope of the Committee, while Section III shows the groups and numbers
of representatives. A list of the representatives and alternates who have

been appointed by the respective groups in the American Committee on

Inductive Co-ordination together with the officers is attached hereto.

The Committee has given careful thought to the best way of carrying

out the purpose and objects as set forth in Section II of the By-Laws.

To this end they unanimously adopted at a recent meeting the report of

their Program Committee, copy of which is attached hereto. Sub-Com-
mittees to carry on the work outlined in the program have been appointed

and have been requested to proceed with their work as promptly as prac-

ticable. A statement of the personnel of these Sub-Committees is at-

tached hereto.

It is the hope of the American Committee on Inductive Co-ordination

to promote fully and effectively the co-operative understanding of this

important mutual problem among the various utilities, and to this end

the Committee earnestly requests all those concerned to give sympathetic

and helpful support to the work which it is doing.

PERSONNEL OF AMERICAN COMMITTEE ON INDUCTIVE CO-
ORDINATION ON RECORD AS OF NOVEMBER 12, 1924

Electric Light and Power Group

Active Members Alternates

M. R. Bump, R. F. Pack,
Henry L. Doherty Co., Northern States Power Co.,

New York, N. Y. Minneapolis, Minn.

H. L. Wills, W. V. Lovell,

Georgia Ry. & Pr. Co., National Electric Light Assn.,

Atlanta. Ga. New York. N. Y.
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Active AIembers

W. J. Canada,
National Electric Light Assn.

New York, N. Y.

A. E. Silver,

Electric Bond & Share Co.,

New York, N. Y.

R. N. Conwell,
Public Service Electric Co.,

Newark, N. J.

H. B. Gear,
Commonwealth Edison Co.,

Chicago, 111.

Alternates

J. G. Hemstreet,
Consumers Power Co.,

Jackson, Mich.

J. E. Woodbridge,
Ford, Bacon & Davis, Inc.,

San Francisco, Calif.

H. S. Phelps,
Philadelphia Electric Co.,

Philadelphia, Pa.

Alex Maxwell,
National Electric Light Assn.,

New York. N. Y.

Electric Railway Group

F. R. Coates,

H. L. Doherty Co.,

New York, N. Y.

A. H. Armstrong,
General Electric Company,
Schenectady, N. Y.

C. R. Harte,
The Connecticut Co.,

New Haven, Conn.

W. J. Harvie,
Auburn & Syracuse Elec. Rd.

Auburn, N. Y.

G. C. Hecker,
American Electric Ry. Assn.,

New York, N. Y.

Calvert Townley,
Westinghouse Company,
New York, N. Y.

Co.

R. F. Carbutt,
Henry L. Doherty Co.,

New York, N. Y.

L. T. Robinson,
General Electric Co.,

Schenectady, N. Y.

John Leisenring,
Illinois Traction System,
Springfield, 111.

C. A. Brooks,
Poughkeepsie & Wappinger Falls Ry.,

Poughkeepsie, N. Y.

J. W. Welsh,
American Electric Ry. Assn.,

New York. N. Y.

R. D. Evans,
Westinghouse Elec. & Mfg. Co.,

East Pittsburgh, Pa.

Steam and Electrified Railroad Group

E. B. Katte,

New York Central Railroad,

New York. N. Y.

J. V. B. Duer,
Pennsylvania System,
Altoona, Pa.

J. C. Davidson,
Norfolk & Western Railway,
Bluefield, W. Va.

L. Behner,
Pennsylvania System,
Pittsburgh, Pa.

W. A. Jackson,
Michigan Central Railroad,
Detroit, Mich.

W. M. Vandersluis,
Illinois Central Railroad,
Chicago, 111.

W. F. Follett,

N. Y.. N. H. & Hartford Rd.
New Haven, Conn.
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Telephone and Telegraph (Communication Group)

B. Gherardi,
American Tel. & Tel. Co.,

New York, N. Y.

H. S. Warren.
American Tel. & Tel. Co.,

New York, N. Y.

K. L. Wilkinson,
American Tel. & Tel. Co.,

New York. N. Y.

J. F. Skirrow,
Postal Telegraph-Cable Co.,

New York. N. Y.

J. W. Milnor,
The Western Union Telegraph Co.
New York, N. Y.

A. L. Staderman,
Citizens Ind. Tel. Co.
Terre Haute, Ind.

H. P. Charlesworth,
American Tel. & Tel. Co.,

New York, N. Y.

L. P. Ferris,

American Tel. & Tel. Co.,

New York. N. Y.

D H. Keyes,
.\merican Tel. & Tel. Co.,

New York, N. Y.

J. P. O'Donoghue,
Postal Telegraph-Cable Co.
New York. N. Y.

BY-LAWS OF THE AMERICAN COMMITTEE ON INDUCTIVE
CO-ORDINATION

Section I

Name
The name of this Committee shall be the American Committee on

Inductive Co-ordination, hereinafter referred to as the Committee.

Section II

Purpose and Objects

The purpose of the Committee is to provide machinery by which
organizations of the wire using companies may get together and co-

operate toward the solution of the technical and engineering questions

of inductive co-ordination arising between them.
The objects of the Committee shall be:

1. To collect and make accessible to all interested organizations all

available information on the subject of the inductive co-ordination of
electrical systems.

2. To keep in touch with all co-operative work being done by the

various organizations on the subject of inductive co-ordination and to

provide a means whereby the results of such work may be co-ordinated
in so far as necessary and practicable to make it scncrally useful to all

organizations concerned.

3. To assist in the avoidance of unnecessary duplication of work
by promoting as may seem to it desirable the joint co-operative work
already undertaken.

4. To assist in the organization of such additional co-operative

work as may from time to time appear necessary or desirable.

5. To undertake such additional work on this subject as may seem
to it desirable.
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Section III

Active Membership

1. The membership of the Committee shall be as follows:

Electric Light and Power Group:
Six members representing National Electric Light Association.

Telephone and Telegraph (Communication) Group:
Three members representing American Telephone & Telegraph Co.

One member representing U. S. Independent Telephone Assn.
One member representing Western Union Telegraph Co.

One member representing Postal Telegraph & Cable Co.

Steam and Electrified Railroad Group

:

American Railway Association

—

Two members representing Electrical Section.

Two members representing Telephone and Telegraph Section.

One member representing Signal Section.

One member representing Construction and Maintenance Section.

Electric Railway Group

:

Six members representing American Electric Railway Association.

Each of the above organizations shall appoint its own representatives

and each representative may designate an alternate to act for him.

2. Representatives shall not be appointed for any definite term and
any organization can change its representatives upon notice to the

Secretary.

Section IV

Consulting Associates

Other organizations interested in the question of inductive co-

ordination but not directly concerned in the operation of wire using

utilities may be elected b}' the Committee as Consulting Associates.

Section V
Officers

The Committee shall elect from its active membership a Chairman,
three Vice-Chairmen and a Secretary. The offices of the Chairman and
Vice-Chairmen shall be distributed so that each major group will be
represented. Officers so elected shall serve for one year or until their

successors are elected. Vacancies may be filled by election at any meet-
ing of the Committee.

Section VI

Executive Committee

There shall be an Executive Committee consisting of the Chairman
and three Vice-Chairmen of the Committee. The Secretary of the Com-
mittee shall act without vote as Secretary of the Executive Committee.
The Committee may delegate any of its duties and powers to the Execu-
tive Committee.

Section VII

Sub-Committees

The Committee may appoint such Sub-Committees as it deems neces-

sary to carry on the work. The membership on such Sub-Committees
need not be confined to the membership of the Committee.
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Section VIII

Meetings

The Chairman maj' call a meeting of the Committee at any time
and shall call a meeting when requested by any four members of the

Committee. Calls for meetings shall be accompanied as far as possible

by a list of the items coming up for consideration.

Section IX

Action by the Committee
1. Formal action bj^ the Committee, including reports, recommenda-

tions and amendments to these by-laws, shall only be taken by unanimous
consent of the active membership.

2. Election of officers shall be by a three-quarters vote of the

active membership.
3. Routine action by the Committee in the conduct of its business

shall be by majority vote of those present at any meeting.

REPORT OF PROGRAM COMMITTEE
November 12, 1924.

To the American Committee on Inductive Co-ordination:

Your Committee has given careful consideration to the development
of a program for the American Committee on Inductive Co-ordination
which will promote, in the most practicable and effective manner, the

purpose for which this Committee was organized, and are submitting
this report for your consideration and constructive criticism. This
report is divided broadly into three main parts

:

A. What is to be Accomplished.
B. Methods of Accomplishment.
C. Methods of Making Results Available.

Under the last item your Committee has attempted to broadly indi-

cate time factors under the following three generalizations

:

(1) Things which may be done in the immediate future:

(2) Studies which will probably require some time before
their results can be made available

;

(3) Subjects which apparently are not sufficiently advanced
to justify taking them up at the present time.

(A) What Is to Be Accomplished.

Section II of the Committee By-Laws reads as follows:

"Section II

Purpose and Objects

The purpose of the Committee is to provide machinery by which
organizations of the wire using companies may get together and co-

operate toward the solution of the technical and engineering questions

of inductive co-ordination arising between them.

The objects of the Committee shall be:

1. To collect and make accessible to all interested organizations all

available information on the subject of the inductive co-ordination of

electrical systems.

2. To keep in touch with all co-operative work being done by the

various organizations on the subject of inductive co-ordination and to

provide a means whereby the results of such work may be co-ordinated

in so far as necessarj- and practicable to make it generally useful to all

organizations concerned.
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3. To assist in the avoidance of unnecessary duplication of work
by promoting as may seem to it desirable the joint co-operative w^ork
already undertaken.

4. To assist in the organization of such additional co-operative
work as may from time to time appear necessary or desirable.

5. To undertake such additional work on this subject as may seem
to it desirable."

This indicates in a broad way the purpose and objects of the Com-
mittee and your Program Committee has attempted to make this more
specific by the following:

(1) Collection and Study of Technical Data and Practices

(a) Collect and study existing technical data pertaining to the sub-

ject of inductive co-ordination. This could be divided in accord-

ance with the following relations

—

(1) Power systems and telephone or telegraph systems.

(2) Power systems and railway signal systems.

(3) Railway signal systems and telephone or telegraph
systems.

(4) Telegraph systems and telephone systems.

(5) Electrified railroads and telephone or telegraph
systems.

(6) Electric railways and telephone or telegraph systems.

The data collected for this study should include all available infor-

mation, particularly that contained in the files of the following organiza-
tions :

The Joint Committee of the N.E.L.A. & Bell Systems.
California Railroad Commission.
American Telephone and Telegraph Company.
National Electric Light Association.

Western Union Telegraph Company.
Postal Telegraph and Cable Company.
American Railway Association.

American Electric Railway Association.

Electrical Manufacturers.

(b) Collect and study the existing principles and practices now in

use for the inductive co-ordination of electrical systems.

This should include such principles and practices as are now recom-
mended by the various State Regulatory Bodies, as well as the principles
and practices recommended by the organizations indicated under "a" of
this section. In collecting and studying such principles and practices,

consideration should be given, where the information is available, to the
conditions under which these principles and practices were formulated
and adopted and their present status in the places where they are in use.

(II) Collection and Study of Information on Present Methods of

Handling Field Problems

Under this heading the following subjects are recommended for
consideration

:

(a) Methods followed in the interchange of notice and per-

tinent information.
(b) Methods followed in joint studies and discussions.

(c) Methods followed in recording and checking.

(d) Methods followed in the solution of differences.

This work should cover the relations between any of the groups
concerned and should take into consideration the extent to which these
methods are used and the experience which has been obtained with them.
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(III) Review of Present Status of Work on Inductive Co-ordination

This review should he divided in accordance with the subdivisions

previously indicated for "a" of Section I, and should consider the work
being done by the separate companies of the Associations and the Joint

General Committee of the National Electric Light Association and Bell

System. It should determine :

a. What branches are being handled as well as how and by whom
they are being handled.

b. What branches remain to be handled and whether any plans
are under contemplation for handling them by any of the

interested organizations.

(B) Methods of Accomplishment.

Your Committee believes that the work outlined above should be
undertaken by properly constituted Sub-Committees, whose reports shall

be submitted to the American Committee and shall not be made available

for publication in any form until approved by the American Committee in

accordance with Par. 1, Sec. 9, of the By-Laws and, suggests the following
Sub-Committee organizations

:

(I) Sub-Committee to collect and study existing technical data and
information as previously outlined in A-I-a.

(II) Sub-Committee to collect and study existing principles and prac-

tices as previously outlined in A-I-b.

(III) Sub-Committee to study existing methods of handling field prob-
lems as previously outlined in A-II.

(IV) Sub-Committee to review present status of inductive co-ordina-
tion as previously outlined in A-III with respect to^

—

(a) Subjects which have been undertaken.
(b) Subjects for which plans are underway for their undertaking.
(c) Subjects for which there are as yet no plans for undertaking.

Your Committee feels, that inasmuch as the results to he obtained by
these Sub-Committees depend largely on their personnel and upon the

conviction carried by their reports, they should in each case be composed
of representative members of each of the four major groups.

(C) Methods of Making Results Available.

The results of the work of this Committee should be made available
through the medium of widely circulated printed reports, these reports
to be circulated by each interested organization to its various branches
and members and to such additional organizations as may from time
to time appear desirable. The work of this Committee should receive the
widest possible circulation among thc^se interested in the subject of induc-
tive co-ordination, as it is felt that this Committee should have a great
influence in promoting the co-operative solution of these mutual problems.
It is believed that the following reports could be issued at an early date

:

I. Pamphlet announcing the organization, personnel and by-laws
of the Committee. (Draft has been prepared by Program
Committee.)

It is believed to be desirable to give such pamphlet wide circulation

at as early a date as practicable.

II. A bibliography of existing information including, as far as
practicable, a statement regarding the status and use of the

various items included.
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III. A statement regarding the work which has been carried on
or is now being carried on by the various organizations, the

work which is under contemplation by the various organiza-
tions and statement of the program with regard to work not
already undertaken.

It is believed that as a result of the study of the American Committee
on Inductive Co-ordination that at a date not too far in the future a
report could be issued which would embody certain fundamental principles

and possibly certain general practices which the Committee could recom-
mend for use as a general guide by the entire industry.

It is felt that at this time the value of the work of this Committee
can be clearly seen, but it is believed that the program beyond what has
already been outlined can not be accurately forecast at this time but
rather should be left to future development as the work already outlined
in accordance with Section II of the B^^-Laws is carried on.

Respectfully submitted,

K. L. Wilkinson, Chairman,

J. V. B. DUER,
R. N. CONWELL,
C. R. Harte,

Program Committee.

PERSONNEL OF OFFICERS AND SUB-COMMITTEES
Officers

Chairman, B. Gherardi Vice-Chairman, E. B. Katte
Vice-Chairman, M. R. Bump Secretary, G. C. Hecker
Vice-Chairman, F. R. Coaxes Assistant Secretary, K. L. Wilkinson

The Executive Committee is composed of the Chairman and the three

Vice-Chairmen.

Sub-Committee No. 1

To Collect and Study Existing Technical Data and Information

R. N. Conwell, Public Service Electric Co., Newark, N. J. (P)
A. Maxwell, National Electric Light Assn., New York, N. Y. (P)
R. F. Carbutt, Henry L. Doherty & Co.. New York, N. Y. (E)
R. D. Evans, Westinghouse Elec. & Mfg. Co., East Pitts-

burgh, Pa. (E)
J. V. B. Duer, Pennsylvania System, Altoona, Pa. (R)
H. S. Osborne, American Tel. & Tel. Co., New York, N. Y. (C)
D. H. Gage, Postal Telegraph-Cable Co., New York, N. Y. (C)

Sub-Committee No. 2

To Collect and Study Existing Principles and Practices

H. L. Wills, Georgia Railway & Power Co., Atlanta, Ga. (P)
W. V. Lovell, National Electric Light Assoc, New York, N. Y. (P)
W. J. Harvie, Auburn & Syracuse Elec. R. R. Co., Auburn, N. Y. (E)
C. A. Brooks, Poughkeepsie & Wappinger Falls Ry., Pough-

keepsie, N. Y.
'

(E)
L. H. Behner, Pennsylvania System, Pittsburgh, Pa. (R)
D. H. Keyes, American Tel. & Tel. Co., New York, N. Y. (C)

J. W. Milnor, Western Union Telegraph Co., New York, N. Y. (C)
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Sub-Committee No. 3

To Study Existing Methods of Handling Field Problems

A. E. Silver, Electric Bond & Share Co., New York, N. Y. (P)
W. V. Lovell, National Electric Light Assoc, New York, N. Y. (P)
A. Schlesinger, Terre Haute, Indianapolis & Eastern Traction

Co., Indianapolis, Ind. (E)
W. R. Stinemetz, Westinghouse Electric & Mfg. Co., East

Pittsburgh, Pa. (E)
W. A. Jackson, Michigan Central Railroad, Detroit, Mich. (R)
H. D. Keyes, American Tel. & Tel. Co., New York, N. Y. (C)
R. R. Whitehouse, Western Union Telegraph Co., New York,

N. Y. (C)
A. L. Staderman, Citizens Independent Telephone Co., Terre

Haute, Ind. (C)

Sub-Committee No. 4

To Review Present Status of Inductive Co-ordination

H. B. Gear, Commonwealth Edison Co., Chicago, 111. (P)
A. Maxwell, National Electric Light Assoc, New York, N. Y. (P)
C. R. Harte, The Connecticut Co., New Haven, Conn. (E)

J. Leisenring, Illinois Traction System, Springfield, 111. (E)
A. H. Armstrong, General Electric Co., Schenectady, N. Y. (E)
W. M. Vandersluis, Illinois Central R. R., Chicago, 111. (R)
J. C. Davidson, Norfolk & Western Ry., Bluefield, W. Va. (R)
E. B. Katte, New York Central R. R., New York, N. Y. (R)
J. F. Skirrow, Postal Telegraph Co., New York, N. Y. (C)
J. W. Milnor, Western Union Telegraph Co., New York, N. Y. (C)
H. S. Warner, American Tel. & Tel. Co., New York, N. Y. (C)
K. L. Wilkinson, American Tel. & Tel. Co., New York, N. Y. (C)

Notes.— (P) indicates representatives of Electric Light & Power Group.
(E) indicates representatives of Electric Railway Group.
(R) indicates representatives of Steam & Electrified R. R. Group.
(C) indicates representatives of Communication Group.

Recommendation

That the subject be continued and that the activity of the Committee
for the present be confined to representation on and working with the

.\merican Committee on Inductive Co-ordination.
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Appendix C

(3) WATER POWER
J. L. Harper, Chairman, Sub-Committee ; G. Eisenhauer, J. C. Davidson,

W. L. Morse, R. J. Needham, H. M. Bassett,

The subjects assigned to this Sub-Committee for the current year are:

(1) Energy derived from water power available for the electrical

operation of railroads in and about the City of Buffalo.

(2) Water power developments on the Clarion River in western
Pennsylvania and on the other rivers of Pennsylvania, West
Virginia and Maryland.

(3) Water power developments on the Saguenay River in Canada
and on the St. Lawrence.

As these subjects to some extent have been covered by the reports

of this Committee for 1922 and 1923, the information here will be

largely supplementary thereto and should be read in connection with these

former reports.

(1) Energy Derived from Water Power Available for the Electrical

Operation of Railroads In and About Buffalo

In the vicinity of Buffalo, the only water power existent or available,

at all commensurate with the demands of the railroads is that of the

Niagara River at Niagara Falls.

The development to full capacity of the Niagara River would repre-

sent an amount of power in excess of 6,000,000 horsepower. This river,

however, being a boundary stream between the United States and Canada,

is affected by treaties between the two countries, which, in locating the

boundary, have divided the waters of the Niagara River. Therefore, it

may be assumed that in the final development, one-half of the water at

Niagara belongs to each country.

There are, however, further restrictions by a treaty dated April 11,

1908, which was entered into for the purpose of restricting the diversion

of water from the river with the purpose and intent of preserving the

scenic beauty of the falls. The amounts of water for diversion approved

under this treaty were arrived at in view of the developments already

entered into on each side of the river at the time the treaty was drawn,

and restrict the total diversion above the falls to 56,000 c. f. p. s., 36,000

c. f . p. s. being alloted to Canada and 20,000 c. f. p. s. to the United States.

The developments on each side of the river have now reached such

proportions that all of this water is being used for power development.

Canadian Side.

On the Canadian side of the river the developments have been made
in four major plants, as follows

:

Those under the Hvdro-Electric Power Comm. of Ontario

—

HP HP
Queenston Plant (installed or ordered) 495,000

Ontario Power Co. Plant 200,000

Toronto Power Co. Plant 125,000 820,000

Canadian Niagara Power Co. (subsidiary of
Niagara Falls Power Co.) 125,000

945,000
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This installed capacity is much greater than can be operated by the

36,000 c. f. p. s. allotted to Canada under the treaty, and indicates a

relatively large reserve installation.

Of the power developed in Canada there exists contracts for the

delivery of part of it on the American side, and there is now imported

into the United States from Canada power in excess of 100,000 horse-

power.

American Side.

All the plants on the American side are owned and operated by the

Niagara Falls Power Company, and are as follows

:

Hydraulic Plant (main plant) installed capacity 458,000 HP
Niagara Plant installed capacity 115,500 HP

Total 573,500 HP

The Hydraulic Plant, in which the highest efficiencies are developed,

has a capacity sufficient for using all of the 20,000 c. f. p. s. allotted for

use on the American side, and the Niagara Plant is used as a spare or

auxiliary.

Additional Power.
^

Additional power may be obtained at Niagara Falls promptly by an

enlargement of the diversion rights under the treaty, on either side of

the river, or by the development past the lower rapids of all the water

allotted for diversion. This latter method would be more expensive in

construction than the overall development. In the case of the enlarge-

ment of the treaty, the standby or reserve machinery on both sides of the

river could be put in temporary operation, and, although this reserve ma-

chinery on either side does not give the full efficiency of the development,

100,000 horsepower could be developed therefrom on each side of the river

during the time that new and more efficient construction was being car-

ried out.

The investigation and report made by Col. J. G. Warren of the United

States War Department gives his conclusions that a much larger diversion

could be made at Niagara Falls without injury to the scenic effect pro-

vided remedial works were installed. His recommendations represent

an additional diversion of 20,000 c. f. p. s. on the American Side, which,

developed through the full head, would give 600,000 horsepower, from

vvhich amount of power it is quite reasonable to conclude that the re-

quirements of the railways in the vicinity of Buffalo could be met.

The possibility of importing additional power from Canada, either

from present or future developments on that side of the river at Niagara

Falls, is not very great, as the Province of Ontario has thus far shown a

capacity to absorb such power as has been made available. The power

now coming into the United States from Canada is being imported under

old agreements and rights which probably would not be extended either

from their present development or possible future development.
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(2) Water Power Developments on the Clarion River in Western
Pennsylvania and on the Other Rivers of Pennsylvania, West
Virginia and Maryland.

Clarion River Developments,

The Clarion River has a drainage area of 1,264 square miles and an
average flow of 2200 c. f. p. s. The ultimate development will include

three dams, respectively, at Foxburg, Piney and Mill Creek, and will

provide a combined head for power development of nearly 500 feet. The
three dams will provide practically complete regulation of the river. The
ultimate development will have about 260,000 horsepower installed capacity,

with an annual production of over 500,000,000 kilowatt hours.

The initial development at Piney consists of two 11,000 Kva., 12,000

volt, 60 cycle, 3 phase generators, which will give an output of 67,000,000

kilowatt hours per annum. The turbines operate under 80 feet head. This

plant, installed by the Pennsylvania Electric Corporation, has just been

placed in operation.
*

Youghiogheny River.

The ultimate development in Garrett County, Maryland, will include

four dams and three power plants. The heads available are 325, 435,

and 550 feet, from which 150,000 horsepower can be obtained, with annual

output of 317,000,000 kilowatt hours. The initial development consists of

two 11,000 Kva. units operating under 435 feet head. This plant will de-

velop 41,000,000 kilowatt hours per annum and will be in operation in the

spring of 1925. It also is being installed by the Pennsylvania Electric

Corporation.

Delaware River and Tributaries.

The Electric Bond & Share Company is instalHng a 50,000 horse-

power plant on the Wallenpahpack River, and a 15,000 horsepower plant

on the Mongaup River, both being tributaries of the Delaware River in

Pennsylvania. The possible developments on the Delaware River proper

involving more than 300,000 kilowatts installed capacity, with a possible

annual output of 750,000,000 kilowatt hours, depending on the degree of

regulation of the river, is still dormant, due to confused interstate

relations.

Susquehanna River.

The only development on the Susquehanna River now under way is

at Conowingo, which has been under consideration for nearly twenty

years. It is announced that this installation is now going ahead under

the direction of an organization operating in conjunction with the

Philadelphia Electric Company, which will take the entire output. The

site which will be developed is at the Conowingo Bridge in Maryland,

about ten miles below the Pennsylvania Water & Power Company's plant

at Holtwood. The head will be about 78 feet and the ultimate installed

capacity may be 300,000 Kva., which will give an output of 900,000,000

kilowatt hours in an average year.
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Potomac River.

There are favorable locations for plants at Great Falls and Chain

Bridge about ten miles from Washington, D. C, just above the District

line. By the construction of two dams, it is possible to utilize a head of

215 feet. There are favorable reservoir sites on the Great Cacapon River,

north fork of Shenandoah River, south branch of Potomac near where

it joins the main river, and a combined storage reservoir and forebay at

Great Falls for storage of 65,000,000,000 cubic feet of water. These

reservoirs would almost completely regulate the river. It has been pro-

posed to install generating capacity of 200,000 kilowatts, which would give

an annual output of 950,000,000 kilowatt hours per annum. At the last

session of Congress, the Senate passed a bill providing for starting this

development, but it did not get through the House.

(3) Water Power Developments in Canada on the Saguenay River

and on the St. Lawrence River.

Saguenay River.

The Duke Price Company, Ltd., is now developing power on the

Saguenay River at a site about seven miles below Lake St. John. It

w'ill have a maximum head of 120 feet and a minimum head of about

100 feet. There is being installed in this station twelve 45,000 horsepower

units, but of these only eight will be equipped with electric generators at

the present time. It is expected that two of the units will be put into

operation in January 1925. About 200,000 horsepower from this plant has

been sold to one compan}-, but the remainder is at present available for

various purposes.

In addition to the above this company owns the water and flowage

rights for a 220 feet head development located on the Saguenay River at

a point twenty miles below the plant referred to. This second develop-

ment, which would be approximately twice as great as the first one, would

be available within reasonable transmission distance either for railroad

services or other purposes.

St. Lawrence River.

Power development on the St. Lawrence River has received consid-

erable discussion and investigation during the past few years, beginning

with the appointment of Colonel Wooten, representing the United States,

and Mr. Bowden, representing Canada, in the year 1921, to report on

the possibility of the proposed navigation channels and power development.

Their report, which was published in January, 1922, expressed approval

of the project and submitted a plan of development, but recommended

further study and investigation before any work was undertaken.

Following this report the governments of United States and

Canada arranged for the further investigation of the project through

the collaboration of a United States Commission headed by Secretary

Herbert Hoover and a Canadian Commission headed by Hon. G. W. Gra-

ham, Minister of Railways and Canals. Engineering Boards were at-

tached to each commission. The work of the commission has been under
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way since June, 1924, but the date when these reports will be filed has

not yet been announced.

The power available on the St. Lawrence may be divided into two
sections : The International Section and the Canadian Section. In the

former the total power available would amount to 1,750,000 horsepower,

which, it is expected, would be divided equally between the two countries.

In the Canadian Section there is available 1,400,000 horsepower additional.

While the St. Lawrence represents one of our largest potential power
sites, its development may be delayed for years owing to the magnitude

of the work, the amount of money involved, the international questions

to be settled and the opposition in some quarters, both in Canada and

the United States, to the construction of the navigation channel, with

which the power development is necessarily involved.

Recommendation

That the report be accepted as information and the subject continued.

Appendix D

(4) ELECTROLYSIS

M. Schreiber, Chairman, Sub-Committee; W. M. Vandersluis, E. B. Katte.

There have been no meetings of the American Committee on Elec-

trolysis although there has been some activity on the part of the Research

Sub-Committee and reports have been circulated on the following subjects:

(a) "Stray Current Electrolysis." paper prepared by Mr. Mc-
Collum to be used as Chapter 14 of Dr. F. N. Speller's

books, "Corrosion Engineering."
(b) Electrolysis Conditions in Tulsa, Oklahoma.
(c) Soil Corrosion in Iron Pipes.

Recommendation

That representation on the American Committee on Electrolysis be

continued without commitment as to subscriptions or dues until a definite

program or budget is submitted to the Board of Direction for their action.

Appendix E

(5) COOPERATION WITH THE U. S. BUREAU OF
STANDARDS

W. L. Morse, Chairman, Sub-Committee ; L. S. Wells, S. Withington,

T. H. Davis, J. V. B. Duer, W. J. Eck.

The Cdmmittee has been co-operating with the U. S. Bureau of Stand-

ards in the revision of the various parts of the National Electrical Safety

Code under the procedure of the American Engineering Standards Com-
mittee. The representatives of the A.R.A. are as follows

:



Electricity 259

Section

Constr. and
Maint.

Electrical

Constr. and
Maint.

PART 1

Member
Mr. H. M. Warren, Elec. Engr..

D. L. & VV. R. R., Scranton, Pa.
Mr. L. S. Wells, Elec. Supt. and

Supt. Tel, L. I. R. R., New York
City.

PART 2

Mr. Geo. Gibbs, Chief Engr. Elec.

Tract., L. I. R. R. New York City.

Mr. J. H. Davis, Elec. Engr., B. &
O. R. R., Baltimore, Md.

Mr. G. Eisenhauer, Elec. Engr.,
Erie R. R., New York City.

Mr. F. D. Hall, Elec. Engr., B. & M.
R. R., Boston, Mass.

Mr. W. L. Morse, Special Engr.,

N. Y. C. R. R., New York City.

*Mr. Z. H. Sikes, Asst. Engr. Struct.,

N. Y. C. R. R., New York City.

*Mr. J. T. Seaver, Asst. Engr.,
N. Y. C. R. R., New York City.

Signal Mr. G. H. Dryden, Prin. Asst. Sig.

Eng., B. & O., Baltimore, Md.
Tel. and Tel. Mr. E. C. Keenan, Gen. Supt. Tel.,

N. Y. C. R. R., New York City.

Mr. C. A. Plumlv, Supt. Tel., B. &
O. R. R., Baltimore, Md.

PART 3

Member
\lr. J. L. Harper, Chief Engr.,

Section

Constr. and
Maint.

Sub-Committee

Rules covering Utiliza-

tion of Apparatus.
Railway Equipment.

Relative Hazards

Antennae

Form and Arrangement

Insulators

Strength of Materials
Strength of Constr.
Strength of Materials
Strength of Constr.
Strength of Materials
Strength of Constr.

Form and Arrangement

Clearances

Underground Constr.

Sub-Committee

Rules Covering Power
Stations and Sub
Stations

Grounding

Niagara Jet. Ry., Niagara Falls,

N. Y.
*Mr. G. Eisenhauer, Elec. Engr.,

Erie R. R., New York City.

PART 4

Electrical Mr. J. V. B. Duer, Elec. Engr., No Sub- Committees
Penna. System, Altoona, Pa.

*Mr. S. M. Viele, Asst. Elec.

Engr., Penna. System, Altoona,
Pa.

Constr. and Mr. E. B. Katte, Chief Engr. Elec.

Maint. Tract., N. Y. C. R. R., New York
City.

*Mr. W. G. Carlton, Supt. Power,
N. Y. C. R. R., New York City.

Signal Mr. H. G. Morgan, Signal Engr.,
I. C. R. R., Chicago, 111.

*Mr. J. B. Lamb, Signal & Elec.

Engr., Southern Ry. Charlotte,
N. C.

have as yet been ap-
pointed (10-25-24)

* Alternate.
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Part 1.

The Committee appointed to revise Part 1 has organized and appointed

Sub-Committees. They have held several meetings and have passed upon
practically all of the items except those relating to "Working Space About
Electrical Equipment" and "Guarding Live Parts." It is expected that the

work of the Sub-Committee will be completed in 1924.

There have been no meetings of the Sub-Committee on Railroad

Equipment.

Part 2.

The Sub-Committee on Relative Hazards has presented its report to

the Executive Committee.

The Sub-Committee on Antennas is revising its report. The work is

progressing satisfactorily.

The Sub-Committee on Form and Arrangement has made a tenta-

tive report to the Executive Committee criticizing the arrangement of the

Code. The work of this Committee of necessity cannot be completed until

'after reports are received from all of the other Sub-Committees.

The Sub-Committee on Insulators has not yet submitted its report

to the Executive Committee. The Railroad Representative will submit a

Minority Report.

The Sub-Committee on Strength of Materials has completed its report

on the work first assigned to it, but will make a supplemental report on

matters recently brought to its attention. The Railroad Representative

will submit a Minority Report.

The Sub-Committee on Strength of Construction or Requirements

for Conductors and their Supporting Structures, is now drafting its recom-

mendations for revisions to the various sections of the Code. There will

be prepared a Minority Report by the Railroad Representative.

The Sub-Committee on Clearances has presented its report to the

Executive Committee, and a Minority Report will be submitted by the

Railroad Representative.

The Sub-Committee on Underground Construction has presented its

report to the Executive Committee, and is concurred in by the Railroad

Representative.

The Sub-Committee on Grounding held several meetings and has com-

pleted its work which has been forwarded in the form of a report to the

Executive Committee.

Part 3.

The Sub-Committee on Rules covering Power Stations and Sub-Sta-

tions is drafting its recommendations relating to those sections of the

Code that will need to be revised.

The Sub-Committee on Grounding has done the larger part of its

work by correspondence, and is now preparing its report.

Up to November 30th, the Committee had not yet considered rules

concerning oil-filled apparatus.
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Part 4.

Some portions of Part 4 have been covered by the Sub-Committees
working on Part 2, but to date (10-25-24) no meetings have been held by

the Representatives appointed to revise Part 4 who are awaiting the call

of the Sectional Chairman.

Recommendation

That the work be continued in co-operation with the U. S. Bureau

of Standards in the revision of the National Electrical Safety Code, and

other codes of similar character.

Appendix F

(6) OVERHEAD TRANSMISSION LINES

L. S. Wells, Chairman, Sub-Committee ; R. D. Coombs, F. D. Hall, J. L.

Harper, G. Eisenhauer, R. J. Needham, S. Withington, G. I. Wright.

During the past year the Specifications for the Construction of Over-

head Electric Supply Lines for Railroad Use on Railroad Property, which

were tentatively approved at the last Convention, were the subject of a

questionnaire addressed to the members of the Association. As a result

of the cornments received the following changes are recommended in the

Specifications as they now appear in the Proceedings, Volume 25, Page 307

:

Section 41—Crossarms: Change the word "crossings" to crossarms.

Section 65 (d): Change the word "lighting" to lightning.

As an Addendum to the Specifications for the Construction of Over-

head Electric Supply Lines, the following Specifications for the Main-

tenance of Transmission Lines are submitted:

SPECIFICATIONS FOR THE MAINTENANCE OF OVERHEAD
ELECTRIC SUPPLY LINES

Addendum to Specifications for the Construction of Overhead Electric

Supply Lines for Railroad Use on Railroad Property.

General

Scope.

These instructions and specifications are for the guidance of forces

engaged in maintaining overhead electric supply lines for railroad use on

railroad property.

Maintenance Forces Shall

—

Have a clear understanding of the requirements called for by these

instructions.

Make themselves thoroughly familiar with the specifications and in-

structions furnished them. They shall keep such specifications and instruc-

tions in good condition and convenient for reference.
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Keep informed as to the character and condition of the supply lines

and the conditions which may affect their stability and operation, report-

ing whenever necessary such conditions to the proper official.

Be responsible for the preventable troubles and shall make every effort

to reduce the so-called unpreventable troubles.

Be responsible for the proper maintenance of all classes of construc-

tion. In case of abnormal conditions due to storms they shall make such

light repairs as may be necessary to keep the line in working condition,

securing the co-operation of other available forces when practicable.

When conditions arise which they are unable to handle themselves, they

shall make prompt report to the proper official.

Prevent unauthorized attachments to pole lines and report any foreign

attachments in non-standard or unsafe condition.

Report all unsafe conditions at wire crossings.

Report all cases of prospective foreign line construction crossing over

or under or paralleling the railroad lines.

Inspections, Examinations, Replacements, Etc.

Lines shall be inspected frequently. Careful examinations of the

component parts of supporting structures and of attachments as a whole

shall be made periodically. Repairs and replacements shall be made to

insure stability as required below.

General Maintenance Requirement.

All parts of the supporting structures shall be properly maintained.

They shall be strengthened or replaced when the wood poles and crossarms

or the guys have deteriorated to 50 per cent of the required initial strength,

i. e., to twice the allowable initial unit stress. Structural steel and other

metal parts shall be strengthened or replaced when deteriorated to 80

per cent of the required strength, i. e., to 1^ times the allowable initial

unit stress.

Inspection and Maintenance Details

Steel Towers.

Inspect footings for back fill and condition of concrete if in water.

Examine members for straightness, condition of crossarms, nuts, bolts,

paint, galvanizing, etc., and correct by means of replacements or otherwise

any irregularities that may require attention.

Steel poles, towers or supporting structures, bolts, nuts, washers,

anchor rods and similar parts or material subject to corrosion under the

prevailing conditions shall be painted as occasion requires. They shall

be thoroughly cleaned before painting and no painting shall be done on

frosted or wet surfaces.

Pole numbers and danger signs shall be properly maintained.

Wood Poles.

Inspect footings for back fill and poles for possible displacements.

Examine poles for decay or other imperfections, noting in particular their

condition at the ground lines.
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Defective poles must be replaced or reset before the depreciation

exceeds the allowable limits. When reset they must be placed at the

standard depth and the alignment must be preserved. Poles washed out

must be reset either in their original location or in adjacent location where

conditions are more favorable.

In cases of temporary repairs when it is impracticable to obtain

standard depth or setting, permanent repairs must be made at the earliest

possible time thereafter.

Leaning poles must be straightened.

Pole numbers and danger signs shall be properly maintained.

Guys.

The examination of guys shall include anchors, clamps, guy insulators,

guards, etc. The guys or appurtenances must be replaced before the

depreciation exceeds the allowable limit.

Slack guys shall be pulled to proper tension. In pulling guys care

should be taken not to get the line wire too tight or "Rake" the corner

pole too much. Guys at light corners can not be kept tight and must be

left with some sag, care being taken to properly clear the line wires. When
pulling slack guys watch anchor rod to see if it gives. If anchor rod

gives it should be replaced.

Crossarms.

Examine carefully for decay and other imperfections. If arms are

painted test for dry-rot.

Straighten or tighten crossarms when necessary.

Replacements must be made before the depreciation of any part of

the crossarms or fittings exceeds the allowable limit.

Pole Fittings.

Inspection and maintenance of hardware and insulators shall include

:

Tightening of all loose bolts, spreading of cotter keys, replacement of

thimbles in joints if missing, inspection of horns for pitting, inspection of

insulators for chips or cracks, inspection of pin type insulators for tight-

ness of pins, alignment of pins and tightness of nuts and the correction

of any irregularities that may be noted.

Conductors and Ties.

Conductors shall be examined for crystallization, pits due to flash

over, broken strands, proper condition of shims, abnormal sag, etc.

Ground wire shall be examined for crystallization, broken strands

and condition of clamps, bolts, and nuts. Ground leads attached to poles

shall be examined for tightness, corrosion at butt and connection to over-

head ground wire.

Ties should be examined for tightness. Improper tying introduces

weak places in wires. When wires are retied damaged ties should be

replaced.
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Particular care should be taken in pulling old wire ; in general, old

wire should not be pulled as tight as new wire except when on the same

arm.

When wire begins to give trouble from corrosion it should be carefully

inspected and the bad wire removed.

In repairing broken wires the entire span should be examined to

guard against kinks and improper sagging.

Clearances and Separations.

Specified clearances and separations of conductors of various classes

of circuits shall be maintained at railroad crossings and at all other

locations.

Miscellaneous

Trees, Foliage, Brush, Etc.

Trees growing near the line shall be kept trimmed so as to give at

least a four-foot clearance from all wires, making due allowance for

movement of trees and swinging or increased sagging of conductors.

Report to proper official any danger-timber that may affect the line.

Fire hazard—the space around poles shall be kept free from under-

brush, grass or other inflammable material.

Foliage and Brush—Foliage and vines around the pole and brush

under the line shall be removed. Where brush conditions are especially

bad report should be made to proper official.

Bird nests should be promptly removed.

As an Addendum to the Specifications for the Construction of Over-

head Electric Supply Lines, the following specifications for the Joint

Use of Poles are submitted

:

SPECIFICATIONS FOR THE JOINT USE OF POLES FOR
POWER, COMMUNICATION AND SIGNAL CIRCUITS

Addendum to Specifications for the Construction of Overhead Electric

Supply Lines for Railroad Use on Railroad Property

This Addendum describes the standard practice for the joint use of

electric power, transmission, and distribution circuits, as defined below,

with signal and communication circuits on wood pole lines for railroad

use, on railroad property. These provisions do not apply to pole lines

where Class "E" and Class "C" circuits only are involved.

These provisions are to be used in connection with the foregoing

specifications, all the requirements of which, except as modified by this

Addendum, are to be followed.

Where Class B and D circuits are concerned with communication cir-

cuits, joint construction is not recommended but may be used where the

right-of-way is restricted and the construction of separate pole lines

would result in close clearance to tracks, buildings, etc., and between

lines unless the character of the circuits makes joint use undesirable.

The circuits involved are classified as follows

:
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Power, Transmission and Distribution Circuits.

Class B constant potential alternating current circuits not exceeding

5,000 volts between conductors (or 2,900 volts to neutral or ground),

except circuits described under "E" below. Constant potential, direct

current circuits not exceeding 750 volts (except trolley circuits). Con-
stant current series metallic circuits not exceeding 7.5 amperes. This

does not apply to lamps operating on current in excess of 7.5 amperes
where the line current does not exceed 7.5 amperes.

Class D constant potential, direct current, trolley circuits not exceeding

750 volts to ground.

Class E constant potential circuits, AC or DC, not exceeding 550

volts between conductors, or 320 volts to neutral or ground, and the trans-

mitted power of which does not exceed 1,600 watts.

Communication and Signal Circuits.

Class C communication or signal circuits which operate at not exceeding

400 volts to ground, or 750 volts between any two points of the circuit,

and the transmitted power of which does not exceed 150 watts. Below
150 volts, no limit is placed on the capacity of the system.

Relative Position of Different Classes.

The relative position on a pole of the line conductors of different

classes, when present, shall in general be from the top of ihc pole down-
ward, as follows

:

Class B
Class E
Class D
Class C

In special cases where Class E circuits are carried below Class C cir-

cuits, or on the same crossarms with Class C signal circuits, the follow-

ing conditions shall be observed

:

That such supplj' line circuits are of insulated wire not smaller than

No. 6 AWG copper or its equivalent in strength, and the construction

otherwise conforms with the requirements for supply line circuits of

the same class.

That the supply line circuits be placed on the adjacent end pins on
the bottom crossarm, and that a climbing space of at least 30 inches be

maintained up the pole for such wires. Special precautions shall be taken

to render such circuits conspicuous, such as painting a stripe on the cross-

arm or using a different form of insulator from the others on the pole

line. That there shall be a vertical clearance of at least 2'-0" between the

crossarm carrying these supply circuits and the next crossarm above.

That the other pins of the crossarm carrying the supply circuit may be

used to carry signal circuits used in the operation of railroad signal sys-

tems, such wires to be located in their usual position.

That such supply line circuits shall be equipped with fuses and arrest-

ers installed in the supply end of the circuit. The fuses shall have a

maximum capacity not in excess of twice the maximum operating current

value of the circuit they protect. The arresters shall be designed so as

to break down at a voltage of approximately twice the voltage between
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the wires of the circuit; in no case, however, less than 500 volts. Where
the supply line circuits are alternating current, the fuses shall be in-

stalled in the secondary side of the supply transformer and designed to

operate on a voltage at least as great as that of the primary voltage

of the transformer.

Vertical Separation.

In order to provide for future growth and at the same time avoid

encroachments on the vertical separation, the vertical clearance between

Class B primary or series lighting line conductors, and Classes C and D
attachments, shall in general be at least seventy-two (72) inches.

In no case, however, except as specified immediately below, shall the

vertical separation at the pole between Classes B and C, E and C, C and D,

and B and D attachments be less than the values shown below

:

Crossarms (center to center) 48 inches

Other attachments (crossarm braces and guys
excepted) 40 inches

Where crossarm braces are attached to metal crossarms, or are in

contact with transformer cases or hangers, they are subject to the same

clearance requirements as the other attachments.

Climbing Space.

A clear climbing space at least thirty (30) inches wide between wires

and attachments, shall be maintained up the pole. This climbing space

may be on one side or corner of the pole only. Where practicable, such

climbing space shall be continuous through the wires and attachments of

the various classes.

On junction, corner, or other poles where additional crossarms are

employed out of parallel with normal crossarms for changing the direc-

tion of the line or for branch line, and such construction is below another

class, the attachments shall be so located and maintained as to provide and

keep open on one side of the pole and next to the pole, as a vertical

climbing space a square of not less than thirty (30) inches on a side.

The pole itself and crossarm back braces may be included within the

climbing space so measured.

Method of Supporting Line Conductors and Cables.

Where cable attachments are made directly to the pole, the full climb-

ing space of thirty (30) inches horizontally shall be maintained for a dis-

tance of forty-eight (48) inches vertically above and below such attach-

ment.

Class B secondary conductors shall not be above, and preferably not

on the same crossarm, with Class B primary or series lighting conductors,

except on poles carrying only one (1) Class B crossarm, in which case

the secondary conductors may be carried on the same arm, but on the

opposite side of the pole from the primary or series lighting conductors.

Class B secondary conductors not exceeding 300 volts to ground may
be carried on suitable insulators on malleable iron or steel brackets or

racks, attached directly to the pole, confined to the Class B space. Clear-

ance from face of pole, specified in section 22 of the specification, shall

be observed.
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Class C twisted pair distributing wires, or suspension wires carrying

Class C cables or distributing wires, may be attached directly to the pole

within the Class C space by malleable iron or steel fixture. Where more
than eight (8) Class C twisted pair wires are carried along the hne they

shall be grouped and carried in rings on a suspension strand.

Where a suspension wire carrying any cable is attached directly to the

pole and is more than twenty-four (24) inches below any Class B attach-

ment, and less than seventy-two (72) inches below the nearest Class B
attachment other than cable, a wooden guard-arm shall be attached to

the pole immediately above and substantially parallel to such suspension

wire.

The guard-arm shall be at least forty-eight (48) inches in length and

shall be securely fastened to the pole by a through-bolt and properly

braced. On corner poles, where the cable turns, the guard-arms shall be

placed along the climbing side of the pole.

One line conductor may be carried on a suitable bracket attached

to the pole at the top by through-bolts.

The use of pole top extension fixtures, except as clearance attach-

ments on joint poles, shall in general be avoided.

Conductors and Cables.

Line conductors of Classes B and D circuits shall be of a size not

less than No. 6 B. & S. gage copper.

Line conductors of Class C circuits, which occupy a position above

line conductors or cables of another class (except Class E), shall be of a

size not less than that required for line conductors of similar voltages

when placed above Class C circuits.

Class E circuits shall be not smaller than No. 6 A. W. G. copper or

its equivalent in strength.

Material other than copper may be used for line conductors, provided

the wires of such other material have a strength not less than that of

the wires specified above, but no iron or steel line conductors (except

lightning protection wires as provided below) shall be used above line

conductors or cables of another class except Class E.

Lightning protection wires shall be regarded as supply conductors of

the voltage in connection with which they are used in respect to size, ma-

terial, sag, and strength of attachments, provided, however, that they may
be of galvanized stranded iron or steel of a diameter not less than five-

sixteenths (tk) inch, except in locations where corrosion of iron or steel

is unusually severe.

Vertical Conductors.

Wires or cables run vertically upon a pole, except above a point not

less than forty (40) inches vertically above the highest Class C attachment,

shall comply with the following requirements

:

Vertical conductors, except ground wires and Class D feeders in

Class D position, shall have an insulation conforming to or equivalent to

the requirements of the National Electrical Code for rubber covered wire,

for the voltage involved.
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Vertical runs of Class B or Class D conductors, except Class D
feeders in Class D position, shall be carried taut down the pole by means
of insulators on pins or metal brackets and securely maintained at approxi-

mately five (5) inches from the surface of the pole, and if carried through

Class C position shall be enclosed in conduit as specified for metal sheathed

cables as in the next paragraph. Multiple conductor cable may be used

for vertical runs of two or more Class B conductors of the same circuit.

Class D feeders, or taps from Class D feeders, having triple braid weath-

erproof covering, may be run vertically in the Class D position, provided

they are supported on pins and insulators mounted on the face of cross-

arms and carried not less than eight inches fi'om the pole, and are not

exposed less than eight (8) feet from the ground.

Vertical runs of Class B or Class D metal sheathed cable shall be

enclosed within a conduit of suitable insulating material for their entire

length, except that, where more than six (6) feet below the lowest Class

C attachment (or Class D attachment, if there are Class D attachments

on the pole), iron pipe may be used. Such conduit and pipe shall be

securely fastened to the pole, and iron pipe shall . be permanently and
effectively grounded.

Vertical runs of Class C metal sheathed cable which run through

wires of another class, shall be enclosed within a conduit of suitable in-

sulating material between points not less than six (6) feet below and
forty (40) inches above such wires. Such conduit shall be securely fast-

ened to the pole.

Twisted pair wires from a Class C terminal box to a Class C arm or

bracket may be attached directly to the pole, if within the Class C position.

Ground wires to Class D attachments, and any ground wires which

pass through attachments of another class, shall be covered with a suit-

able protective insulating guard between points not less than six (6) feet

below and forty (40) inches above such attachments. Ground wires shall

be suitably insulated and protected from mechanical injury for at least

eight (8) feet above the ground. Such protective covering shall be securely

fastened to the pole.

The same ground wire shall not be used for grounding the attach-

ments of more than one class. Where practicable, ground wires or ver-

tical connections to underground wires of more than one class shall not be

attached to the same pole.

Apparatus.

Cable boxes, signal boxes, sv/itches, cutouts, and similar apparatus

may be installed on the pole at a height convenient for operation, provided

:

They do not interfere with climbing the pole.

The requirements as to vertical spacing are observed.

They do not prevent the installation of vertical runs.

They shall, when below attachments of another class, have all live

parts protected from accidental contact.

Transformers shall not be located below attachments of a lower class.
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Pole Stoppings.

Poles carrying vertical runs, lamps, transformers, cable boxes, ter-

minals, or other apparatus which may require attention, should be provided

with pole steps.

Guy Insulators.

One strain insulator shall be placed in every guy at a point between

six (6) and eight (8) feet in horizontal distance from the pole, except

that, in short guys, where a point six (6) feet from the pole would be

less than eight {8} feet above the ground, the strain insulator shall be

placed not less than eight (8) feet in vertical distance from the ground.

A second strain insulator shall be placed in every guy, except those

attached to a wood guy stub at a point more than eight (8) feet above

the ground. The second strain insulator shall be placed at a point be-

tween six (6) and eight (8) feet from the object to which the farther

end of the guy is attached, except that, where this point is less than

eight (8) feet above the ground, the second strain insulator shall be

placed not less than eight (8) feet in vertical distance from the ground.

In anchor guys the strain insulator shall be placed between eight (8) and

ten (10) feet vertically from the ground.

In short guys, in which the two strain insulators here required would

be located w'ithin five feet of each other, only one strain insulator need

be used.

Crossarms.

Crossarms, if of selected yellow pine or fir, shall have dimensions

not less than the following:

Number of Pins Carried Dimensions of Cross-Section

2 or 4 3 x4 inches

6 or 8 3]4^^}4 inches

If of other material, crossarms shall be the equivalent in strength

and durability of the above.

Rules for the Guidance of Employees in Electrified Territory.

The Committee on Electricity is co-operating with the Committee

on Rules and Organization in the preparation of a set of rules for the

guidance of employees in electrified territory. A member of Sub-Com-

mittee No. 6 has conferred with the Sub-Committee on Rules and Organ-

ization and reports that the work is progressing satisfactorily.

Recommendation

The Committee recommends that (a) the Specifications for the Con-

struction of Overhead Electric Supply Lines for Railroad Use on Railroad

Property, as herein revised, be approved as recommended practice and

printed in the Manual; (b) the Specifications for Maintenance of Over-

head Electric Supply Lines be tentatively accepted as an Addendum to the

Supply Line Specifications pending final revisions after one year's use, and

(c) the Specifications for the Joint Use of Poles be tentatively accepted
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as an Addendum to the Supply Line Specifications pending final revisions

after one year's use.

Appendix G
^

(7) COLLABORATION WITH COMMITTEE XVI—
ECONOMICS OF RAILWAY LOCATION

D. J. Brumley, Chairman, Sub-Committee ; A. E. Owen, R. Beeuwkes,

J. C. Davidson, H. M. Warren, H. M. Bassett.

The Sub-Committee, through its Chairman, has had considerable cor-

respondence and several conferences with the Chairman of Committee

XVI in connection with the latter's report.

The report of Committee XVI has been partially completed in pre-

liminary form by the preparation of a paper entitled "The Electric Loco-

motive on Grades," which discusses the advantages as well as the limita-

tions of the operation of electric locomotives on grades and presents

typical electric locomotive run curves from which data can be obtained

to study any given profile in order to determine whether or not electrifica-

tion is justified. At the present writing, October 15th, the paper men-

tioned above is incomplete, and consequently has not been reviewed by

the Committee on Electricity, but after preliminary review by the Chair-

man of Sub-Committee 7, was returned to Committee XVI with certain

comments which required revision of the report, and no further progress

has been made since that time.

Recommendation

That the Committee on Electricity continue the study and report on

Economics of Railway Location as affected by electric operation in co-

operation with Committee XVI—Economics of Railway Location.

Appendix H

(8) STANDARDIZATION OF ADHESIVE AND RUBBER
TAPES

H. M. Warren, Chairman, Sub-Committee ; M. Schreiber.

No changes are recommended at this time in the Specifications for

Adhesive Tape for General Use for Electrical Purposes or in the Speci-

fications for Rubber Insulating Tape as adopted by the Association. The

Committee has been in communication with Committee D-11—Rubber

Products, of the American Society for Testing Materials, and has been

advised that they are looking into the advisability of providing a test of

the adhesiveness of rubber tape ; and that further consideration is being

given to the method of conducting the aging test of friction tapes. It

is hoped that next year definite recommendation can be reported on these

subjects.
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Recommendation

That the subject of Specifications for Adhesive and Rubber Tapes

be continued with the view of suggesting any changes or modificationy

which may be required therein to maintain these specifications in con-

formity with similar specifications of the A.S.T.M. and to keep these

specifications representative of the best practice.

Appendix I

(9) STANDARDIZATION OF INSULATORS

F. D. Hall, Chairman, Sub-Committee ; M. Schreiber, H. M. Warren,

G. I. Wright, E. B. Temple, R. J. Needham.

In answer to the questionnaire sent to the membership with regard

to the Specifications for Porcelain Insulators for Overhead Railroad

Supply Lines, as presented to the Association at the 1924 Convention, 38

replies were received. Of these TH were endorsements of the specifica-

tions. There are at present under discussion several important features

with regard to porcelain insulators and consequently the Committee is not

yet ready to offer them as recommended practice.

Recommendation

That the specifications submitted last year for Porcelain Insulators

for Overhead Railroad Supply Lines be continued as Tentative Recom-

mended Practice pending a further report next year.

Appendix J

(10) CLEARANCES FOR THIRD RAIL AND OVERHEAD
WORKING CONDUCTORS

H. M. Bassett, Chairman, Sub-Committee, F. D. Hall, A. E. Owen, D. J.

Brumley, W. M. Vandersluis, F. Auryansen.

It is customary for the Committee to revise the Clearance Tables every

two years, and since revised tables were submitted last year, no revisions

are now offered.

Recommendation

That the Clearance Tables for Third Rail and Overhead Working
Conductors presented at the 1924 Convention be revised and brought up

to date next year.
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Appendix K

(11) PROTECTION OF OIL SIDINGS FROM DANGER DUE
TO STRAY CURRENTS

S. Withington, Chairman, Sub-Committee; J. V. B. Duer.

In answer to the questionnaire with regard to the use of the Rules

for Recommended Practice Relative to the Protection of Oil Sidings from

Danger Due to Stray Currents, replies were received from 36 railroads.

Of these 20 have no rules and are not considering any rules for the

protection of side tracks. Of the twenty roads thus reporting but six

were roads of any considerable mileage. Thirteen railroads have adopted

or have under consideration the A.R.E.A. Rules but the majority have

not proceeded far enough to report results. It is apparent that there has

been some objection on the part of the oil shipping companies to bearing

the expense of the protection. One oil company has claimed that the pro-

tection is doubtful and in some instances hazardous. One railroad has

developed very complete rules for the protection of oil sidings which, while

they conform in general to the A.R.E.A. Rules, have the important differ-

ences that one rail is bonded through the unloading location and the other

rail is insulated and bonded to the oil system. In the opinion of the

Committee there is an objection to this method for the reason that when

a car is being loaded or unloaded, the through rail is directly connected

to the oil piping system, thus allowing a flow of stray currents, if any

exist, into the system. The A.R.E.A. Rules have been accepted by a

Committee of representatives of the following oil associations

:

American Petroleum Institute.

Western Petroleum Refiners' Association.

National Petroleum Association.

Association of National Gasoline Mfgrs.

On the Committee which formulated the rules were representatives

from the Standard Oil Company of New York, the Standard Oil Com-

pany of New Jersey and the Standard Oil Company of Ohio. No specific

objections have been made to the Rules and no changes are at this time

recommended in the Rules.

Recommendation

That the subject be continued and the Committee authorized to con-

fer with representatives of other interested associations with the view

of revising the Rules, if and when necessary.
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STATE REPRESENTATIVES AND ALTERNATES

Representing the Committee on Electricity, Relative to Wire and
Cable Crossings Over Railways

Note: The first name is the State Representative. The second

name is the Alternate.

ALABAMA

ARIZONA

ARKANSAS

CALIFORNIA

COLORADO

CONNECTICUT

DELAWARE

FLORIDA

GEORGIA

IDAHO

ILLINOIS

H. S. Jones, Chief Engineer, Gulf, Mobile &
Northern; Mobile.

S. E. Sims, Roadmaster, Southern Railway;
Selma.

P. T. Robinson, Division Engineer, South-
ern Pacific, Tucson.

F. L. Guy, Resident Engineer, El Paso &
South Western, Douglas.

W. H. Vance, District Engineer, Missouri
Pacific, Little Rock.

H. J. Armstrong, General Superintendent,
Missouri & Northern Arkansas, Har-
rison.

W. H. Kirkbride, Engineer Maintenance
of Way & Structures, Southern Pacific,

San Francisco.
F. M. Siefer, Division Engineer, Southern

Pacific, Stockton.

A. O. Ridgway, Chief Engineer, Denver &
Rio Grande Western, Denver.

R. C. Gowdy, Chief Engineer, Colorado &
Southern, Denver.

S. Withington, Electrical Engineer, New
York, New Haven & Hartford, New
Haven.

W. T. Dorrance, Des. Engineer, New
York, New Haven & Hartford, New
Haven.

Theo. Bloecher, Jr., Division Engineer, Bal-
timore & Ohio, Baltimore, Md.

J. C. Wrenshall, Engineer Maintenance of
Way, Reading Company, Reading, Pa.

H. N. Rodenbaugh, General Manager,
Florida East Coast, St. Augustine.

A. S. Butterworth, Chief Engineer, Miami,
South Eastern & Pensacola, Pensacola.

L. L. Beall, Chief Engineer, Atlanta, Birming-
ham & Atlantic, Atlanta.

W. J. Greene, Assistant Engineer, A. & W.
P., Atlanta.

B. H. Prater, Engineer Maintenance of
Way, Union Pacific, Pocatello.

J. R. Smith, Division Engineer, Oregon Short
Line, Pocatello.

G. I. Wright, Office Engineer, C. T. I., Illinois

Central, Chicago.
R. H. Ford, Assistant Chief Engineer, Rock

Island, Chicago.
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INDIANA

IOWA

KANSAS

KENTUCKY

LOUISIANA

MAINE

MARYLAND

MASSACHUSETTS

MICHIGAN

MINNESOTA

MISSISSIPPI

MISSOURI

MONTANA

NEBRASKA

J. W. Burt, Engineer, Maintenance of Way,
Big Four, Indianapolis.

M. V. Hynes, General Superintendent, Chi-
cago, Indiana & Western, Indianapolis.

F. W. Thompson, Division Engineer, Rock
Island, Des Moines.

W. E. Heimerdinger, Office Engineer, Rock
Island, Des Moines.

T. S. Stevens, Signal Engineer, Santa Fe,
Topeka.

H. F. Busch, District Engineer, Frisco,

Ft. Scott.

C. F. Burrell, Engineer Maintenance of
Way, K. & I. Term. R. R., Louisville.

J. F. Burns, Assistant Engineer, Louisville &
Nashville, Louisville.

J. W. Kern, Jr., District Engineer, Illinois

Central, New Orleans.
H. E. Chalstrom, Assistant Engineer, Illi-

nois Central, New Orleans.

F. D. Hall, Electrical Engineer, Boston &
Maine, Boston, Mass.

Murdock Sutherland, Signal Engineer,
Maine Central, Brunswick.

J. H. Davis, Electrical Engineer, Baltimore
& Ohio, Baltimore.

E. G. Lane, Engineer Maintenance of Way,
Baltimore & Ohio, Baltimore.

F. D. Hall, Electrical Engineer, Boston &
Maine, Boston.

J. C. Irwin, Valuation Engineer, Boston &
Albany, Boston.

J. C. Mock, Signal Electrical Engineer,
Michigan Central, Detroit.

G. C. Tuthill, Bridge Engineer, Michigan
Central, Detroit.

C. A. Christoflferson, Signal Engineer,
Northern Pacific, St. Paul.

E. A. Whitman, Chief Engineer, Soo Line,
Minneapolis.

H. J. Rhodes, Engineer Maintenance of
Way, A. & v., Vicksburg.

T. M. Pittman, Jr., Roadmaster, Illinois

Central, Water Valley.
H. Austin, Bridge Engineer, Mobile & Ohio,

St. Louis.

S. L. Wonson, Bridge Engineer, Missouri
Pacific, St. Louis.

R. Beeuwkes, Electrical Engineer, Chicago,
Milwaukee & St. Paul, Seattle, Wash.

F. J. Taylor, Division Engineer, Northern
Pacific, Livingston.

C. M. Delano, Division Engineer, Chicago,
Burlington & Quincy, Lincoln.

W. H. Eiker, Division Engineer, Chicago,
Burlington & Quincy, Lincoln.
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NEVADA

NEW HAMPSHIRE

NEW JERSEY

NEW MEXICO

NEW YORK

NORTH CAROLINA

NORTH DAKOTA

OHIO

OKLAHOMA

OREGON

PENNSYLVANIA

RHODE ISLAND

R. W. Cattermole, Chief Engineer, Tonopah
& Goldfield, Goldfield.

John Reddy, Roadmaster, Southern Pacific,

Sparks.

F. D. Hall, Electrical Engineer, Boston &
Maine, Boston.

J. H. Gallivan, Division Engineer, New York,
New Haven & Hartford, Boston.

A. E. Owen, Chief Engineer, Central of
New Jersey, Jersey City.

G. Eisenhauer, Electrical Engineer, Erie
R. R., New York City.

F. S. Hewes, Division Engineer, Santa Fe,

San Marcial.
A. B. Truman, Division Engineer, Santa Fe,

Las Vegas.

L. S. Wells, Electrical Superintendent and
Superintendent Telegraph, Long Island,
New York City.

F. Boardman, Electric Zone, New York Cen-
tral, New York City.

F. W. Brown, Assistant to General Man-
ager, Atlantic Coast Line, Wilmington.

G. E. Buckley, Engineer Maintenance of Way,
Southern, Charlotte.

E. M. Grime, Superintendent Bridges and
Buildings, Northern Pacific, Fargo.

E. H. Weinke, Assistant Engineer, North-
ern Pacific, Mandan.

G. Eisenhauer, Electrical Engineer, Erie
R. R.. New York City.

G. H. Tinker, Bridge Engineer, New York,
Chicago & St. Louis, Cleveland.

G. N. Toops, Chief Engineer, Kansas, Okla-
homa & Gulf, Muskogee.

F. T. Beckett, Engineer Maintenance of
Way, Rock Island, El Reno.

R. C. Charlton, Signal Engineer, Oregon-
Washington Railroad & Navigation Com-
pany, Portland.

W. E. Burkhalter, OfSce Engineer, Oregon-
Washington Railroad & Navigation Com-
pany, Portland.

H. M. Warren, Electrical Engineer, Dela-
ware, Lackawanna & Western, Scranton.

H. E. Hilts, Principal Assistant Engineer,
State Highway Department, Harris-
burg.

S. Withington, Electrical Engineer, New
York, New Haven & Hartford, New
Haven, Conn.

J. S. RufF, Divison Engineer, New York,
New Haven & Hartford, Providence.
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SOUTH CAROLINA

SOUTH DAKOTA

TENNESSEE

TEXAS

UTAH

VERMONT

VIRGINIA

WASHINGTON

WEST VIRGINIA

WISCONSIN

WYOMING

W. J. Gooding, Division Engineer, Seaboard
Air Line, Charleston.

C. J. Kelloway, Signal Superintendent,
A. C. L, Wilmington, N. C.

J. E. Hills, Superintendent, Chicago, Mil-
waukee & St. Paul, Aberdeen.

E. D. Barton, Assistant Signal Supervisor,
Chicago, Milwaukee & St. Paul, Web-
ster.

Hunter McDonald, Chief Engineer, Nash-
ville, Chattanooga & $t. Louis, Nash-
ville.

G. F. Blackie, Assistant Chief Engineer,
Nashville, Chattanooga & St. Louis,
Nashville.

R. H. Gaines, Engineer Maintenance of Way,
Texas & Pacific, Dallas.

K. H. Hanger, Assistant Engineer Mainte-
nance of Way, Missouri, Kansas &
Texas, Dallas.

W. R. Armstrong, Assistant Chief Engineer,
Oregon Short Line, Salt Lake City.

R. K. Brown, Superintendent, Los Angeles &
Salt Lake, Salt Lake City.

L. G. Morphy, Chief Engineer, Rutland,
Rutland.

P. D. Fitzpatritk, Chief Engineer, Central
Vermont, St. Albans.

J. C. Davidson, Engineer, Electric Traction,
Norfolk & Western, Bluefield, W. Va.

E. M. Hastings, Chief Engineer, Richmond,
Fredericksburg & Potomac, Richmond.

R. Beeuwkes, Electrical Engineer, Chicago,
Milwaukee & St. Paul, Seattle.

W. J. Bennett, Assistant Engineer, Great
Northern, Seattle.

J. C. Davidson, Engineer, Electric Traction,
Norfolk & Western, Bluefield.

C. M. McVay, Division Engineer, Ohio Cen-
tral Lines, Charleston.

B. R. Kulp, Division Engineer, Chicago &
North Western, Madison.

W. H. Stedje, Resident Engineer, Soo Line,
Superior.

N. P. Nelson, Division Engineer, Chicago,
BurUngton & Quincy, Casper.

W. G. Tinney, Division Engineer, Union
Pacific, Cheyenne.



REPORT OF COMMITTEE XV—IRON AND STEEL
STRUCTURES

O. F. Dalstrom, Chairman,
P. S. Baker,
J. E. Bernhardt,
A. W. Carpenter,
M. F. Clements,
R. P. Davis,
f. o. dufour,
Thos. Earle,
W. R. Edwards,
G. H. Gilbert,
G. A. Haggander,
H. J. Hansen,
C. S. Heritage,
Otis E. Hovey,
Reuben Hayes,
J. B. Hunley,
P. G. Lang, Jr.

B. R. Leffler, Vice-Chairman;
P. B. Motley,
Albert Reichmann,
A. F. Robinson,
H. N. Rodenbaugh,
0. E. Selby,
1. L. Simmons,
H. B. Stuart,
P. B. Spencer,
G. E. Tebbetts,
G. H. Trout,
F. E. TURNEAURE,
F. P. Turner,
J. A. L. Waddell,
H. T. Welty.
A. R. Wilson,
W. M. Wilson,

Committee.
To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

(1) Revision of Manual (Appendix A).

Specifications for Steel Highway Bridges (Appendix B).

Rules for Field Inspection of Existing Bridges (Appendix C).

Tests and Study of the Behavior of Bridge Pins (Appendix D).

Column Tests (Appendix E).

(2)

(6)

(8)

(9)

Action Recommended

1. That the report on Revision of Manual (Appendix A) be acted

on as follows

:

(a) The part covering the Revision of General Specifications for

Steel Railway Bridges to be approved.

(b) The part covering "Punched Work" and "Reamed Work"
to be received as information.

(c) The part covering Bearing Pressures on Large Rollers to be

received as information.

(d) The part covering removal of certain portions of the Man-
ual, beginning on pages 727 and 790, to be approved.

2. That the report on Specifications for Steel Highway Bridges

(Appendix B) be received as information.

6. That the report on Rules for Inspection of Existing Bridges

(Appendix C) be received as information.

8. That the report on Tests and Study of Bridge Pins (Appendix

D) be received as information.

9. That the report on Column Tests (Appendix E) be received as

information.

Bulletin 271, November, 1924.
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Some progress has been made on the other five subjects on the Com-
mittee's Outline of Work, given below.

3. The electric welding of connections in steel structures.

4. Rules for lighting bridges and a uniform code of regulations

and signals for operating drawbridges.

5. The maintenance of railway bridges, including equipment for

that purpose.

7. Investigations and tests of I-beams connected in groups by

diaphragms and bracing.

10. Methods of waterproofing and draining solid floor bridges.

Recommendations for Future Work

The Committee recommends the reassignment of the following sub-

jects in the form given:

1. Revision of Manual.

2. Revision and final report on Specifications for Steel Highway

Bridges.

3. The electric welding of connections in steel structures.

4. Rules for lighting bridges and a uniform code of regulations and

signals for operating drawbridges, conferring with the Committee on

Signals and Interlocking.

5. The maintenance of bridges, including equipment for that purpose.

6. Rules for Field Inspection of Existing Bridges.

7. Investigations and tests of I-beams connected in groups by dia-

phragms and bracing.

8. Tests and study of the behavior of bridge pins.

9. Column Tests.

10. Methods of waterproofing and draining solid floor bridges, with

specifications, conferring with the Committee on Masonry.

11. Outline of work for ensuing year.

The following new subjects are recommended:

1. Investigation of copper-bearing steel for structural purposes.

2. Collaborate with the Committee on Water Service on specifica-

tions for the design, fabrication and erection of steel tanks, tower supports,

etc., for the storage of water and oil.

Respectfully submitted,

The Committee on Iron and Steel Structures,

O. F. Dalstrom, Chairman.
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Appendix A

(1) REVISION OF MANUAL

O. E. Selby, Chairman, Sub-Committee; A. W. Carpenter, W. R. Ed-

wards, P. G. Lang, Jr., P. B. Motley, Albert Reichmann, I. L.

Simmons.

At the Convention of 1924, the Association adopted certain changes

in the General Specifications for Steel Railway Bridges, Part XI, Mate-

rials (a) Structural and Rivet Steel; and Part XV, Mill and Shop

Inspection (Supplement to Manual 1921, Bulletin 267, July, 1924, page 51).

The purpose of these changes was to make the "Materials" specifications

agree with those of the American Society for Testing Materials. The
changes were the result of a conference with Sub-Committee II of Com-
mittee A-1 of the A.S.T.M., at which time changes to be recommended

in the specifications of both associations were agreed upon. The changes

recommended were adopted by both associations, with the exception that

the footnote to Table II reading: "The weight of individual plates

ordered to thickness shall not exceed the nominal weight by more than

one and one-third times the amount given in this table," was not adopted

by the A.S.T.M.

It therefore becomes necessary for us to offer Conclusion No. 1 for

printing in the Manual as follows : Change the footnote, page 762 of

the Manual 1921, page 55 of Bulletin 267 and page 22 of the pamphlet

"General Specifications for Steel Railway Bridges, 1920, Second Edition,"

to read: "Specifications for material conform to A.S.T.M. Standards,

Serials A7-24, A27-24, and A48-18, except as to the footnote to Table II."

Attention has been called to the fact that it is not clear whether the

term "Power driven rivets" in Article 38 of the General Specifications

for Steel Railway Bridges includes field rivets driven by pneumatic ham-

mers. In order to clear up this uncertainty and to remove an inconsistent

discrimination against floor connection rivets, the Committee offers

Conclusion No. 2.

Revise Article 38 by substituting for the sentence "The above

mentioned values for shear and bearing shall be reduced 25 per

cent, for countersunk rivets, hand driven rivets, floor connection

rivets, and turned bolts," the following:

The above-mentioned values for shear and bearing shall be

reduced 25 per cent, for countersunk rivets, hand driven rivets,

and turned bolts. Rivets driven and bucked by pneumatically

or electrically operated hammers are considered power driven

rivets.

The adoption of "General Specifications for the Erection of Steel

Railway Bridges," Supplement to Manual. 1921, Bulletin 257, page 67, and

of "Classification of Railway Bridges," Supplement to Manual, 1921,
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Bulletin 267, page 41, nullifies the corresponding portions of the Manual,

1921. The Committee therefore ofifers Conclusion No. 3.

Omit from the Manual, 1921, "Specifications for the Erection

of Railway Bridges," page IZl , and "Classification of Bridges for

Operating Purposes," page 790.

"Punched Work" and "Reamed Work"

The tests to determine the relative values of these two kinds of

work, mentioned in the Committee's report for 1924, Bulletin 262, page

227, are under way at Lafayette College, Easton, Pa., under the direction

of Professor Dufour, but have not proceeded far enough to give con-

clusive results. The tests will be continued and the program amplified

with a view to supporting a recommendation to abolish or amend the

optional clause now in the General Specifications for Steel Railway

Bridges.

Bearing Pressures on Large Rollers

In order to establish definitely the relation between bearing pressure

and area of contact, tests have been carried on at the University of

Illinois under the direction of Professor W. M. Wilson. These tests

were described briefly in the Committee's report for 1924, Bulletin 267,

page 227.

Two series of static tests are under way, one to determine the eflfect

of the hardness of the metal on the bearing value, and one to determine

the eflfect of the length of the roller on the bearing value.

A machine to test segments by rolling them under load has been

designed and built. Specimens now being tested will be continued under

test until phenomena indicating over-stress have been produced.

The tests will be carried on until conclusive results have been

reached.
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Appendix B

(2) SPECIFICATIONS FOR STEEL HIGHWAY BRIDGES

J. B. Hunley, Chairman, Sub-Committee ; F. O. Dufour, A. F. Robinson,

O. E. Selby, H. B. Stuart, F. E. Turneaure, J. A. L. Waddell, H. T.

Welty.

The "Specifications for Steel Highway Bridges" was assigned to

Committee XV in 1920. A Sub-Committee was appointed that year, and

this Sub-Committee has been very active in the study of the subject and

in the preparation of specifications.

During 1923 it was found that the American Society of Civil Engi-

neers and the American Association of State Highway Officials also

were preparing specifications for highway bridges. Arrangements were

made through the offices of those associations for a conference com-

mittee of representatives from the A.R.E.A., the A.S.C.E., and the

A.A.S.H.O. The American Institute of Steel Construction was invited

to send a representative, and accepted. The duty of this Conference

Committee was to compare the Specifications prepared by the different

associations, with a view to eliminating unnecessary differences and to

bringing them all into harmony as nearly as practicable. This Conference

Committee is still working on the Specifications and will require at least

another year to complete their work. The A.S.C.E. Committee, having

made its final report to the Society on the Specifications for Highway
Bridges, is no longer represented on the Conference Committee.

In 1924 Committee XV included in its report to the Association a

set of Specifications for Steel Highway Bridges. These Specifications

were submitted as information, with a view to criticism and comment.

They appear in Bulletin 262, page 239, and in the Proceedings, Vol. 25,

page 239.
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Appendix C

(6) INSTRUCTIONS FOR MAINTENANCE INSPECTION OF
SUPERSTRUCTURES OF STEEL BRIDGES

H. B. Stuart, Chairman, Sub-Committee
; J. E. Bernhardt, R. P. Davis,

G. H. Gilbert, G. A. Haggander, I. L. Simmons, P. B. Spencer.

(For inspection of masonry substructures, see

report of Committee on Rules and Organization)

Responsibility of Inspectors.

1. The instructions contained herein have been prepared for the

guidance of inspectors engaged in the maintenance inspection of steel

bridges. Inspectors -v^ill be held responsible for the execution of their

duties in strict accordance with these instructions.

Communications.

2. Unless there are other instructions, copies of all communications

sent to other officials shall be sent to the Bridge Engineer.

Drawings and Rules.

3. The Inspector shall familiarize himself with the standard draw-

ings, rules and instructions covering maintenance of bridges.

Bridge List.

4. A complete list of bridges will be supplied to each Inspector by

the Bridge Engineer. This list will give the number and location of

each bridge, type of superstructure and lengths of spans. In each case

the number and location of the bridge given in the list shall appear on

the Inspector's report. The Inspector shall report any difference between

the bridge number given in the list and that at the bridge, and shall

furnish such other information as the Bridge Engineer may require.

Emergency Reports.

5. In case a bridge is found to require immediate repairs for safety,

the Inspector shall notify, by the quickest means available, the proper

division official and the Bridge Engineer, giving the bridge number,

description, location, nature of defects, and temporary repairs required.

The Inspector shall send to the above-mentioned officials, by first train,

a complete report. If necessary the Inspector shall stop traffic until

emergency handling is given.

Reports.

6. A record of inspection of each bridge shall be made at the site

on a form provided for that purpose. A written report shall be made
as may be required, giving the Inspector's recommendation for repairs

needed and when they should be made to keep the bridge safe.
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7. The report form accompanying these instructions shall not be

taken as listing all the points requiring inspection. The points listed on

this form are those most frequently found in need of attention. A com-

plete detailed inspection shall be made of each bridge. Remarks on points

not listed in the form shall be made on the blank portion of the form,

or on separate sheets, using only one side of the sheet.

8. In the report form symbols shall be used as follows

:

O. Opposite items which do not apply to the bridge inspected.

O.K.—Opposite items which do not need attention.

X. Opposite items needing repairs which merit special re-

marks. The numbers of items marked in this way shall

be entered in the blank ruled portion of the sheet, with

a concise but complete description of points which need

attention, together with recommendation for repairs.

Every item on this form must be checked off.

Points to Be Examined.

9. The Inspector shall examine the bridge as to the following points

and others listed on the report form

:

(a) Deck.

Size, spacing and depth of ties over flanges.

Uniformity of bearing.

Condition of timber as to defects and decay.

Number and size of defective ties, guard timbers and guard

rails.

Fastenings of ties to flanges.

Fastenings of guard timbers and guard rails to ties.

Size of tie plates.

Condition of walks and railings.

Condition of planking between rails and between tracks.

Condition of refuge bays.

(b) Fire Protection.

Description and condition of fire protection.

(c) Track.

Size and condition of rails, joints and fastenings.

Alinement of track and its relation to the steel structure.

Surface of track on bridge and on approaches.

Where track is out of line or surface, the report should show
the location, amount and probable causes ; also, the effect

of creeping rail, if any, and preventive measures taken.

(d) Shims and Blocking.

Condition of all shims and blocking, giving description and

location and making sketch if necessary.
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(e) Bridge Seats.

Condition as to defects and cleanness.

(f) Anchors and Bearings.

Note whether the superstructure is fully and properly

anchored to the masonry.

Note whether bed plates, rollers and pedestals are clean, are

in right position and have full bearing.

Note any flaws or breaks in bearings.

(g) Expansion.

Note the clearance between expansion ends and masonry or

adjacent spans; also any apparent movement of the

masonry.

(h) Paint.

Condition of paint, noting date of last painting, number of

coats and kinds of paint as stenciled on the bridge, and

if spot painting or repainting is necessary.

(i) Straightness and Alinement of Members.

Condition of individual members as to bends and kinks

;

alinement of trusses, girders, floor members and towers.

Note particularly adjustment of eye-bars and counters.

(j) Damage From Blows.

Parts damaged by blows from equipment, lading or floating

objects; note location and extent of damage, and repairs

necessary.

(k) Cracks and Breaks.

Note cracks and breaks, especially in floor connection angles,

hangers, pin plates, and fillets of angles of flanges and

posts.

(1) Pins and Pin Holes.

Condition of pins and pin holes as to wear and movement.

They should be observed, if practicable, under traffic and

the report should give location of pins as observed and

approximate amount of movement or wear, if it can be

determined.

(m) Rivets and Turned Bolts.

Note location and number that are loose, giving special atten-

tion to

:

Floor connections.

Splices in tension members.

End stiffeners.

Laterals.
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(n) Machinery of Movable Bridges.

1. Lubrication.

Note if a lubrication chart is posted and instructions fol-

lowed, and if all moving parts have been kept sufficiently

lubricated. Report should shovif whether lack of lubrica-

tion is due to inattention or to inadequate facilities. If

facilities are inadequate, give complete information with

recommendation for improvement.

2. Gears.

Note condition of gears as to

:

Accurate meshing.

Fit on shafts.

Fit of keys.

Breaks, flaws and excessive wear.

Protection against falling objects.

Cleanness.

3. Bearings.

Note if bearings have proper linings and running fit; if

shafting is accurately alined and if collars and thrust

bearings are in adjustment. Note attachment of caps to

bases and of bearings to supports ; also line, fit and wear

of trunnions and trunnion bearings.

4. Castings.

Condition of wedges, sheaves, locking devices, rollers,

treads, etc., as to breaks or flaws which might cause

breaks.

5. Cables.

Condition as to rust and excessive accumulations of

hardened grease ; also broken wires, broken strands and

working clearances.

6. Clutches and Brakes.

Condition as to working condition and cleanness. .

7. Power Equipment.

As to condition for delivering the necessary power, and if

properly maintained.
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8. Mechanical Features.

As to operating conditions

:

Adjustment of balance wheels.

Adjustment of levers operating the wedges.

Entire turntable of swing bridges.

Rail locks and signal interlocking connections.

Navigation lights.

Clearances through a complete cycle of operation.

Safety devices, electrical and mechanical.

Lightning protection of power plant and superstructure.

9. Operating Diagram.

Note if operating diagram is posted.

10. Record of Openings.

Note if a complete record is being kept of bridge openings

and vessel movements, and of happenings affecting the

interests of the Railway Company.

General.

10. Report signs of overload or failure in any part of the bridge.

Observe the behavior of the bridge during the passing of live load,

if practicable, and note excessive vibration, deflection and side sway.

Note attachments such as wires, pipes, etc., which may be detrimental

to the bridge.
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REPORT FORM (first page)

Name of Railway

Inspection Report, Superstructures of Steel Bridges.

Division Bridge No

Date Inspected Inspector

Description : Number, Lengths and Kinds of Spans

1. Number Board

2. Waterway
3. Highwater marks

4. Deck

(a) Ties

(b) Guard timbers

(c) Guard rails

(d) Planking

(e) Refuge bays

(f) Hook bolts

(g) Guard timber bolts

(h) Guard rail fastenings

(i) Track alinement

(j) Track level

(k) Track fastenings

(1) Tie plates

5. Fire protection

6. Shims and blocking

7. Bridge seats

8. Anchors and bearings

9. Expansion

10. Paint

11. Straightness and alinement of members

12. Damage from blows

13. Cracks and breaks

14. Pins and pin holes

15. Rivets and turned bolts

16. Machinery

17. Vibration, deflection and side sway

Items requiring immediate attention

Items requiring attention for good condition.
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REPORT FORM (2nd and following pages)

Name of Railway

Inspection Report, Superstructures of Steel Bridges.

Bridge No
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Appendix D

(8) TESTS AND STUDY OF THE BEHAVIOR OF
BRIDGE PINS

F. O. Dufour, Chairman, Sub-Committee ; R. P. Davis, W. R. Edwards,

H. J. Hansen, Albert Reichmann, F. E. Turneaure, J. A. L. Waddell,

H. T. Welty, A. R. Wilson, W. M. Wilson.

The Sub-Committee in charge of this work has not yet made any

tests of pins, but has made careful studies of the procedure to be fol-

lowed. The tests will be made on pins of 3 in., AYz in., and 6 in. diameter.

The results of these tests will determine whether there is any necessity

for tests on pins of other diameters.

Estimates have been prepared showing the cost of the proposed tests.

It is intended to proceed with the full program of tests as soon as the

material has been obtained. The tests will be made in the engineering

laboratory of Lafayette College, under the direction of Professor Dufour.

Appendix E

(9) COLUMN TESTS

P. B. Spencer, Chairman, Sub-Committee ; A. W. Carpenter, F. O. Dufour,

Thomas Earle, G. H. Gilbert, O. E. Hove}', J. B. Hunley, Albert Reich-

mann, H. N. Rodenbaugh, F. E. Turneaure, W. M. Wilson.

A special committee of the American Society of Civil Engineers, Dean
Turneaure, Chairman, is now collecting and studying existing data on col-

umn tests. This Committee, through Dean Turneaure, who is also a mem-
ber of the Committee, has collaborated with the American Society

Committee. The work has not progressed far enough to warrant the mak-

ing of a report.





REPORT OF COMMITTEE X—SIGNALS AND
INTERLOCKING

F. B. WiEGAND, Chairman; VV. M. Vandeksi.uis, Vicc-Clwirman;
B. T. Andersox, J. C. Mock,
H. S. Balliet, H. G. Morgan,
W. E. BOLAND, F. P. Patenai-l,
A. M. Burt, J. A. Peabody,
W. J. EcK, F. W. Pfleging,
\V. H. Elliott, W. M. Post,

G. E. Ellis, A. H. Rudd,

J. V. Hanna, T. S. Stevens,
E. G. Stradling,

Conunitlce.

To the American Railzcay Engineering Association:

Your Committee on Signals and Interlocking respectfully submits

the following:

(1) Revision of ^lanual—Ai)pendix "A."

(2) Automatic Train Control—Appendix "B."

(3) Signals for Highway Crossing Protection—Appendix "C."

(4) Assist Other Committees in Work Which Involves Signaling.

Your Committee has not been called upon for assistance by any of

the other committees on any work which involves signaling ; we have,

however, conferred with Committee XII—Rules and Organization, and

have assisted them with the signal rules. We have also met with Com-
mittee IX—Signs, Fences and Crossings, and called their attention to

the urgent necessity for a standard crossing sign of the cross-buck type

for use in connection with the highway crossing signal, which is to be

reported on at this meeting. The present A.R.E.A. sign is too large and

cannot be used.

Action Recommended

1. That the changes in the Manual in Appendix "A," be approved

and the revised version substituted for the present recommendation in

the Manual.

2. That the report in Appendix "B," relating to Automatic Train

Control, be accepted as information.

3. That the report in Appendix "C," relating to Signals for High-

way Crossing Protection, be accepted as information.

Outline of Work for Ensuing Year

To Continue the Following Subjects.

1. Revision of Manual.

2. Assist other Committees in work which involves signaling.

3. Automatic Train Control.

4. Signals for highway crossing protection.

5. Outline of work for ensuing year.

Respectfully submitted,

The Committee on Signals and Interlocking,

F. B. Wiegand, Chairman.

Bulletin 272, December, 1"24.
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Appendix A

(1) REVISION OF MANUAL
B. T. Anderson, Chairman, Sub-Committee ; H. S. Balliet, J. V. Hanna,

H. G. Morgan, F. W. Pfleging.

This report contains various recommendations in reference to revision

of the Manual so far as it relates to signals and interlocking.

Definitions

Page 465 shows a portion of the A.R.A. Standard Code Rules. It is

recommended that the present subject-matter be eliminated and the fol-

lowing references be substituted:

Definitions.

Block Signals.

Interlocking.

THE STANDARD CODE,
The American Railway Association.

Pages 466-467 and top of page 468 show a number of definitions

of signal terms. It is recommended that the present subject-matter be

eliminated and the following reference to Signal Section definitions be

substituted

:

Definitions for Technical Terms.
Manual of the Signal Section,

American Railway Association.

Conventional Signs or Symbols for Signals and Interlockings

On page 468 reference is made to 13 R.S.A. plates of signs or

symbols under Committee XI, Records and Accounts, pages 554-565. It

is recommended that the reference be revised to read as follows :

Signal Symbols.
Manual of the Signal Section,

American Railway Association.

Signals for Train Operation

It is recommended this subject-matter follow "Signal Symbols." That

the subject-matter on pages 487 to 497 be eliminated and reference as

follows be substituted

:

Signs or Markers for Conveying Instructions to Englnemen
and Recommendations.

Manual of the Signal Section,

American Railway Association.

Train Order Signals.

Manual and Controlled Manual Block Signals.

Location of Manual Block Signals.

Indications Conferring or Restricting Rights.

The general practice of the present time on the larger railroads is

to handle trains by signal indications without the use of train order or
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manual block signals. It is therefore recommended that this subject-

matter on pages 468, 469, 470, 471, and 472, be eliminated.

Division of Expense of Installation, Removal and Maintenance of

Joint Interlocking Plants.

The table on page 472 is out-of-date. It is recommended that this

subject-matter be eliminated and the following reference to the Signal

Section table be substituted

:

Table of Interlocking Units and Values.
Manual of the Signal Section,

American Railway Association.

Signal Indications and Aspects

On pages 473, 474, 475 is shown an abstract taken from "Signaling

Practice" now in the Signal Section Manual. In order that the complete

report may be used it is recommended that this subject-matter be elim-

inated and reference as follows be substituted

:

Signaling Practice.

Manual of the Signal Section,

American Railway Association.

Requisites of Switch Indicators

On pages 476 and 477 is shown subject-matter now in the Signal

Section Manual. It is recommended that this be eliminated and reference

as follows be substituted

:

Switch Indicators.

Manual of the Signal Section,

American Railway Association.

List of Findings, Conclusions, Standards and Specifications Contained

in the Manuad of the Railway Signal Association.

On pages 477-486 is shown an index, as of 1920, of the Signal Section

Manual. It is recommended that the index be brought up to date by

substituting the following

:
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MANUAL OF THE SIGNAL SECTION
AMERICAN RAILWAY ASSOCIATION

SPECIFICATIONS

CONTENTS
1923

(NOTE.—Black face type shows the headings in the order in which
they appear in the Manual. Light face type is cross-indexing.)

Abbreviations.
Aerial Aluminum Cable Steel.—See Cables./
Aerial Braided Cable.—See Cables..
Air-Cooled Reactor.—See Reactor.
Alternator, Specification 7319.
Ammeters, Portable A.C., Specification 11221.
Annunciators.—See Bells.

Answers and Questions.
For Signal Maintainers.—See Maiiuainers, Signal.
For Signal Maintenance.—See Maintenance, Signal.

Armored Submarine Cable.—See Cable.
Arresters, Lightning.—See Lightning Protection.
Asphaltum, Petroleum.—See Petroleum Asphaltum.
Automatic Block Signals.

Alternating Cui-rent, Specification 8620.
Direct Current, Index and Specification 6818.

Automatic Signal Systems.—See Overlaps.
Automatic Train Control, Requisites of Installation and Adjuncts.

(A.R.A.)—See Train Control.
Ballast and Rail Resistance.

Report.—See Resistance.
Test Chart.—See Test Charts.

Bars, Wrought Iron.—See Iron.
Battery, Primary.

Box, Cement Concrete.—See Battery, Storage.
Caustic Soda Primary Cell, Type "A", Specification 8720.
Caustic Soda, Instructions for Installation and Handling.
Coppers, Gravity Battery, Specification 3313.
Dry Cells, Cylindrical.—See Cells.

Jar, Specification 11321.
Zincs, Gravity Battery, Specification 3413.

Battery, Storage.
Box, Cement Concrete, Specification 11622.
Jar, Glass, For Storage Cells, Specification 11722.
Lead Type, Instructions for Operation. (Charged from Primary

Cells.)

Lead Type, Electrolyte for. Specification 4314.
Lead Type, Stationary, Dii-ections for Installation.
Lead Type, Instructions for Operation of, at Interlocking.
Lead Type, Instructions for Block Signal Service. (Line charg-

ing.)
Nickel, Iron, Alkaline, Specification 4915.
Nickel, Iron, Alkaline, Instructions for Maintenance.
Pdrtable Lead Type, Directions for Installation.
Portable Lead Type, Instructions for Operation.
Portable Lead Type, Specification 8820.
Stationary Composite Type, Specification 5316.
Stationary Pure Lead Type, for Signaling, Specification 5817.
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BeUs.
Aimunciator, Specification 3513
Highway Crossing, D.O. Vibrating, Specification 4414.

Block Signal and Interlocking Work.—See Contract.
Block Signals, Maintenance.—See Rules.
Bond, Impedance.—See Impedance Bonds.
Bond Wire.—See Wire.
Box, Cement Concrete Battery.—See Battery Storage.
Braces and Bolts for Crossarms —See Crossarms
Braided Cable.—See Cables.
Bridges, Movable, Protection of Traffic at.

Buttons,—See Push Buttons.

Cables.
Aeria] Alominum, Specification 5416.
Aerial Braided, for 660 Volts or Less, Specification 8920.
Armored Submarine, for 660 Volts or Less, Specification 9020.
Armored Submarine, for 2200 Volts, Specification 9220.
Lead Covered, for 660 Volts or Less, Specification 9120.
Lead Covered, for 2200 Volts, Specification 9320.
Undergi'ound Braided, for 660 Volts or Less, Specification 9420.

Capping and Trunking.—See Trunking.
Cartridge Fuses, Renewable.—See Fuses.
Castings, Gray and Malleable Iron.—See Iron.

Caustic Soda Batteries.—See Battery, Primary
Caustic Soda Cells.—See Instructions for Maintenance of R.S.A

Caustic Soda Cells.

Caustic Soda Primary Cell and Renewals, Type "A".—See Battery,
Primary.

Cedar Poles, White.—See Poles.

Cells.

Caustic Soda.—See Battery, Primary and Instructions for Main-
tenance of R.S.A. Caustic Soda Cells.

Dry.—See Instructions for Testing and Maintaining Dry Cells.

Dry, Cylindrical, Specification 1262 3.

Gravity.—See Instructions for Maintenance of.

Cement Concrete Battery Box.—See Battery, Storage.
Channel Pins, Specification 2312.
Characteristics.

A.C. Track Circuit.—See Track Circuit.

U.Q.D.C. Motor, Signals, Table.—See Signals, Motor,
Choke Coils.—See Lightning Protection.
Circuit Controllers.—See Controllers.
Circuit Nomenclature and Written Circuits.
Circuit, Requisites for.

Circuit, Track.
Alternating Current.—See Track Circuits.

Test Chart.—See Test Charts.
Clay Conduit.—See Conduit.
Clearance Diagram. (The A.R.A.)
Color Light Signals.—See Signals.
Compensation, Pipe Line.—See Pipe Line Compensation.
Conclusions as to Method of Control to Cause Signals to Indicate

Stop in Emergencies.—See Control.
Concrete,

Battery Box.—See Battery, Storage.
Trunking, Capping and Supports.—See Trunking, Concrete.

Concrete Portland Cement, Specification llll.
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Conduit.
Fibre I^ipregnated, Specification 6418.
Fibre and Metal System, Installation of, Specification 5516.
Pipe, Steel, Specification 3613.
Pipe, Wrought Iron, Specification 3713.
Vitrified Clay, Specification 2412.
Vitrified Clay, System, Installation of. Specification 4514.

Construction Program for Valuation.—See Signal Construction Pro-
gram.

Contract, Block Signal and Interlocking Work.
Form of Contract.
Form of Contractor's Proposal.
Form of Bond.
Form of Invitation to Bidders.

Control, Signals Indicate Stop in Emergencies, Conclusions.
Controllers.

Drawbridge Circuit, Specification 13023.
Universal Switch Circuit, Specification 9520.

Copper Sulphate, Specification 5015.
Coppers.—See Battery, Primary.
Copper Wire.—See Wire.
Crossai'ms.

Wood, Specification 2512.
Braces and Heel and Toe Bolts For, Specification 2612.
Steel Pins For, Specification 2712.
Through Bolts and Double-Arm Bolts For, Specification 2812.

Crossings of Wires or Cables Over Railroads.—See Wire Crossings.
Curves, Minimum Limiting Resistance in Series with Track Battery.—See Resistance.
Cylindrical Dry Cells.—See Cells.

Daily Field Tests D.C. Electrical Apparatus, Form.—^See Relays, In-
spection and Testing.

Data, A.C. Track Circuit.—See Track Circuit.
Definitions for Technical Terms.
Diagrams, Typical Wire Crossing, A to L inclusive.—See Wires

Crossing Steam and Electric Rys.
Dielectric Requirements.—See General Electrical Requirements.
Directions.

Installation of Lead Type Portable Storage Battery.—See Bat-
tery, Storage.

Installation of Lead Type Stationary Storage Battery.—See Bat-
tery, Storage.

Distribution Interlocking Units and Values, Form.—See Interlock^
ing.

Distribution and Supply of Power.—See Power.
Drawbridge Circuit Controllers.—See Controllers.
Drawings.—See Standard Designs. (Separate Section.)
Dry Cells.—See Instructions for Testing and Maintaining.
Dry Cells, Cylindrical.—See Cells.

Electrical Apparatus, Forms for Testing.—See Relays, Inspecting
and Testing.

Electrical Requirements.—See General Electrical Requirements.
Electric.

Color and Position Light Signals.—See Signals.
Generator.—See Generator.
Interlocking.—See Interlocking.
Incandescent Lamps.—See Lamps.
Lock.—See Lock, Electric.
Releases.—See Releases.
Wiring for Interlocking Plants.—See Interlocking Plants.



Signals and Interlocking 297

Electrolyte.-^See Battery, Storage.

Electromechanical Interlocking.—See Interlocking.

Electropneumatic Interlocking.—See Interlocking.

Enameled Copper Magnet Wire.—See Wire.

Engine, Gasoline, with Fuel and Water Tanks, Specification 1211.

Enginemen, Signs or Markers.—See Signs or Markers for Engine-

men.
Examination papers.

For Signal Maintainers.—See Maintainers, Signal.

For Signal Maintenance.—See Maintenance, Signal.

Fibre Conduit.—See Conduit.
Fibre, Hard, Specification 1323.
Floor Pushes.—See Pushes, Floor.

Foremen. Rules Governing.—See Rules.

Forms.
A.R.A. Signal Section Form 10—Office Test Record of D.C. Elec-

trical Apparatus.—See Relays, D.C, Inspecting and Testing,

Instructions.
A.R.A. Signal Section Form 11—Daily Field Test Record of D.C.

Electrical Apparatus.—See Relays, D.C, Inspecting and Test-

ing, Instructions.
A.R.A. Signal Section Forms 12-13—Relay Record Tag.—See Re-

lays. D.C, Inspecting and Testing, Instructions.

A.R.A. Signal Section Form 14—Repair Tag.—See Relays. D.C,
Inspecting and Testing, Instructions.

A.R.A. Signal Section Form 15—Office Test Record of A.C Elec-

trical Apparatus.—See Relays and Indicators. A.C, Inspect-

ing and Testing, Instructions.

A.R.A. Signal Section Form 16—Daily Field Test Record of A.C.
Electrical Apparatus.—See Relays and Indicators. A.C, In-

specting and Testing, Instructions.

A.R.A Signal Section Form 2 2—Interlocking Units and Values,
Distribution.—See Interlocking, Units and Values. Distribu-

tion
Block Signal and Interlocking Work.—See Contracts
For Recording Signal Performance.
Standard, Material and Labor.

Formula.
A.C. Track Circuit.—See Track Circuit
Minimum Limiting Resistance Allowable in Series with Track

Battery.—See Resistance.
Friction Tape.—See Tape
Puses, Specification 3813.
Fuses, Cartridge, Renewable, Specification 9620.
Galvanizing for Iron or Steel, Specification 2912 (A.R.A.)
Galvanized Wire.—See Wire.
Gasoline Engine.—See Engine.
General Electrical Requirements.
Generators, Electric, Specification 1411.
Glass Jars.—See Battery, Storage, Jars
Glass, Signal.—See Roundels.
Globes, Hand Lantern, Specification 5917
Gravity Battery Coppers and Zincs.—See Battery. Primary
Gravity Cells.—See Instructions for Maintenance of.

Gray Iron Castings.—See Iron.
Hand Lantern Globes.—See Globes.
Hard Fibre.—See Fibre.
Highway Crossing Alarms.—See Bells.
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Identification.—See General Electrical Requirements.

Illuminating Oil.—See Oil.

Impedance Bond, Specification 7419.
Impedance Bonds, Petrolatum for Use in.—See Petrolatum.

Impregnated Fibre Conduit.—See Conduit.

Impregnating Compound Treatment of Electrical Windings.—See

Windings, Electrical.

Incandescent Electric Lamps.—See Lamps.
Indexes to Major Specifications—1918-1919 and Supplement 1920.

Indications, Signal, Principles of.

Indicator or Repeater, A.C., Specification 9720.

Indicators.
And Relays, A.C., Inspecting and Testing, Instructions.—See Re-

lays.

Direct Current, Specification 13123.
Take Siding.
Switch, Requisites of Installation of.

Information for Calculating Power Supply and Distribution.—See

Power Supply and Distribution.

Inspecting and Testing.
A.C. Relays and Indicators.-—See Relays.
D.C. Relays.—See Relays.

Inspection.—See Standard Sections.
Inspection Report, Wire.—See Wire.

Instructions.
Inspecting and Testing A.C. Relays and Indicators.—See Relays.

Inspecting and Testing Direct Current Relays.—See Relays.
Installation and Handling of Caustic Soda Batteries.—See Bat-

tery, Primary
Installation and Operation of Switchboards.—See Switchboards.
Maintaining and Testing Dry Cells.

Maintenance of Gravity Cells.

Maintenance of Nickel, Iron, Alkaline Storage Batteries.—See
Battery, Storage.

Maintenance of R.S.A. Caustic Soda Cells.

Making Shop Torque Tests at the Semaphore Shaft of Power-
Operated Signals.—See Tests.

Operation of Lead Type Portable Storage Battery.—See Battery,
Storage.

Operation of Lead Type Storage Batteries at Interlocking Plants.—See Battery, Storage.
Operation of Lead Type Storage Batteries, Charged from Primary

Cells.—See Battery, Storage.
Operation of Lead Type Storage Batteries, in Block Signal Ser-

vice.—See Battery, Storage.
Track Circuit, A.C.—See Track Circuit.

Insulating Tape.—See Tape, Rubber.
Insulation.—See General Electrical Requirements.
Insulation Resistance. Wire Table.—See Wire.
Interlocking.

Electric, Index and Specification 6518.
Electric Lock for Machines.—See Lock, Electric.
Electromechanical, Index and Specification 6618.
Electromechanical Machine, I. S. & F. Miniature Locking, Speci-

fication 12523.
Electropneumatic, Index and Specification 6718.
Maintenance at Plants.—See Rules.
Mechanical, Index and Specification 11822.
Mechanical, Machine, Requisites.



Sign a Is and Interlocking 299

Mechanical, Machine, Saxby and Fanner, Specification 7519.
Mechanical, Machine, Style "A", Specification 11421.
Mechanical, Questions and Answers.—See Maintalners, Signal.

Plants, Electric Wiring for. Specification 11922.
Power, Machine, Specification 7619.
Units and Values Distribution, Form 22. (For use with Table of

Units and Values.)
Units and Values, Table of. (Refer to Interlocking Units and

Values Distribution.)

Iron.
Castings, Gray, Specification 1611.
Malleable Castings, Specification 1711.
Pipe Conduit.—See Conduit.
Wrought, Bars, Specification 1811.

Jar.—See Battery, Primary; also Battery, Storage, Jars.

Joints, Wire.—See Wire.
Labor and Material Forms.—See Forms.
Lamps, Incandescent Electric, Specification 5115.
Lantern Hand Globes.—See Globes.
Lead Covered Cable.—See Cables.
Lenses.—See Roundels.
Life in Service, Units, Signal Installations.—See Service Life, Units.

Lightning Protection.
Arresters, Made Ground Apparatus, Specification 6017.
Arresters, Requisites for.

Choke Coils, Requisites for.

Vacuum Gap Arresters, Specification 5215

Light Signals.—See Signals.
Line, Pipe, Compensation.—See Pipe Line Compensation.
Line Wire.—See Wire.

Lock, Electric.
Interlocking Machines, Specification 9920.
Universal, for Hand Operated Switches, Specification 9820.

Locking, Mechanical Machine Lever, Requisites.
Lubricating Oil.—See Oil.

Machinery, Steel.—See Steel Machinery.
Machines, Interlocking.—See Interlocking.
Maintalners, Signal, Questions and Answers.
Maintenance.

At Interlocking Plants.—See Rules.
Block Signals.—See Rules.
Signal, Examination Papers (Questions and Answers).
Signal, Rules^—General.

Major Specifications, Indexes to.—See Indexes to Major Specifica-

tions.

Malleable Iron Castings.—See Iron.
Markers for Enginemen.—See Signs or Markers for Englnemen.
Marking.—See Standard Sections.
Material and Labor Forms.—See Forms.
Material for Switchboard.—See Switchboard.
Mechanical.

Interlocking.—See Interlocking.
Interlocking Machines.—See Interlocking.
Interlocking, Questions and Answers.—See Maintalners, Signal.

Machine Locking.—See Locking.
Releases.—See Releases.
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Mechanism.
D.C. Motor-Operated Fii-st Range High Signal, Specification

10020.
Universal Electric Motor Switch Operating and Locking, Speci-

fication 10120
Messenger Wire.—See Wire.
Metal Conduit System.—See Conduit.
Minimum Limiting Resistance in Series with Track Battery.—See

Resistance.
Motor Cars, Hand Cars, Velocipedes, etc.—See Maintainers, Signal.

Motor Semaphore Signal.—See Signals.
Motor Signals, D.C. U.Q. Method of Testing.—See Signals, Motor
Movable Bridges, Protection.—See Bridges.
Neutral Relays.—See Relays, D.C. Tractive Armature, Neutral.
Nickel, Iron, Alkaline Storage Battery.—See Battery, Storage.
Non-Oil Proof Electrical Windings.—See Windings, Electrical.

Office Test Record D.C. Elec. Apparatus.—See Relays, D.C, Inspect-

ing and Testing.
Oil.

Illumrnating, Specification 1911.
Lubricating, Zero F., Specification 10220
Lubricating, 45 Deg. Below Zero P., SpeciQcatlon 10320.
Transformer, Specification 4614

Oil Proof Electrical Windings.—See Windings, Electrical.

One Inch Signal Pipe.—See Pipe, Signal.
Operating Characteristics U.Q.D.C. Motor Operated Signals.—See

Signals, Motor, Method of Testing.

Overlaps in Connection with Automatic Signal Systems.
Packing.—See Standard Sections.
Paint and Painting, Specification 12022.
Papers, Examination.

For Signal Maintainers.—See Maintainers, Signal
For Signal Maintenance.—See Maintenance, Signal

Partially Oil Proof Electrical Windings.—See Windings, Electrical.

Performance Signal, Forms for Recording.—See Forms.
Petrolatum for Use in Impedance Bonds, Specification 7719
Petroleum Asphaltum, Specification 6117.
Phrases and Words.
Pins.—See Channel Pins, or Crossarms.
Pipe.

Conduit.—See Conduit.
Line Compensation, Specification 12122.
Soft Steel Signal, One-Inch, Specification 12222.
Thread, American Engineering Standards.
Wrought Iron Signal, One-Inch, Specification 12322.

Poles, Eastern White Cedar, Specification 3012.
Portable.

Lead Type Storage Battery.—See Battery, Storage.
Volt-Ammeters.—See Volt-Ammeters.
Voltmeters.—See Voltmeters.

Portland Cement Concrete.—See Concrete.
Position Light Signals.—See Signals.
Power Interlocking Machine.—See Interlocking.
Power Supply and Distribution, Information for Calculating (A.C.

Signal System).
Precautions, A.C. Track Circuit.—See Track Circuit.

Primary.
Battery Jar.—See Battery, Primary.
Cells and Renewals, Type "A" Caustic Soda.—See Battery,

Primary.
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Program, Signal Construction.—See Signal Construction PrograiA.
Protection of Traffic at Movable Bridges.—See Bridges.
Push Buttons, Specification 3913,
Pushes, Floor, Specification 4013.
Questions and Answers.

For Signal Maintainors.—See Maintainors, Signal.

For Signal Maintenance.—See Maintenance, Signal.
Rail and Ballast Resistance.

Report.—See Resistance.
Test Chart.—See Test Charts.

Ranges for Voltage for Signal Work.—See Voltage.
Reactor, Air-Cooled, for Line and Track Circuits, Specification 10420.
Relay and Indicator Requirements, Table 1.—See Relays, D.C., In-

specting and Testing.
Relays.

Alternating Current, Specification 7819.
And Indicators, A.C., Inspecting and Testing, Instructions.
D.C. Tractive Armature, Neutral, Specification 10520.
Direct Current, Comparisons on Use of.

Direct Current, Inspecting and Testing, Instructions.
Releases.

Mechanical and Electrical, Specification 3112.
Time, Rule for Setting.

Repair Tag.—See Relays, Inspecting and Testing.
Repeater, A.C.—See Indicator or Repeater.
Reports.

D.C. Track Circuit Rail and Ballast Resistance.—See Resistance.
Wire Inspection.—See Wire.

Requirements for the Protection of Traffic at Movable Bridges.—See
Bridges.

Requisites.
Choke Coils for Signaling.—See Lightning Arresters.
Direct Current Automatic Block Signaling Circuits.—See Cir-

cuits.

Impregnating Compound Treatment of Non-Oil-Proof Electrical
Windings.—See Windings,

Impregnating Compound Treatment of Oil-Proof Electrical Wind-
ings.—See Windings.

Impregnating Compound Treatment of Partially Oil-Proof Elec-
trical Windings.—See Windings.

Lightning Arresters for Signaling.—See Lightning Arresters-
Light Signals for Day and Night Indications.—See Signals.
Mechanical Interlocking Machine.—See Interlocking.
Mechanical Machine Lever Locking.—See Locking.
Varnish Treatment of Electrical Windings.—See Windings.

Requisite Sheet for Switchboard Material.—See Switchboards.

Requisites of Installation.
Automatic Train Control.—See Train Control
Switch Indicators.—See Indicators.

Resistance.
D.C. Track Circuit Rail and Ballast Resistance Report.
Minimum Ldmiting in Series with Track Battery, Formula.
Minimum Limiting in Series with Track Battery, Tables Nos. 1

and 2.

Minimum Limiting In Series with Track Battery, Curves,
Wire Table,—See Wire,

Resistor for Line and Track Circuits, Specification 10620.
Roundels, Lenses and Glass Slides, Specification 6918



302 Signals and Interlo eking

Rubber.
Insulated Armored Submarine Cable —See Cable.
Insulating Wire.—^See Wire.
Insulating Tape.—See Tape.

Rules.
For Setting Time Releases.—See Releases.
For Signal Maintenance.—See Maintenance.
Governing Maintenance of Block Signals.
Governing Maintenance at Interlocking Plants.
Governing Signal Foremen.
Governing Signal Supervisors.

Sags for Messenger Wire.—See Wire.
Service Life, Units, Signal Installations.
Shop Torque Tests.—See Tests.
Signal.

Construction Program for Valuation.
Foremen, Rules Governing.—See Rules.
Indications, Principles of.—See Indications, Signal.
Installations, Service Life of Units.—See Service Life.

Maintainers, Questions and Answers.—See Maintainers. Signal.
Maintenance, Examination Papers and Rules.—See Maintenance.

Signal.
Mechanism, Motor Operated.—See Mechanism.
Performance.—See Forms for Recording Signal Performance.
Pipe.—See Pipe, Signal.
Supervisors, Rules Governing.—See Rules.
Wire.—See Wire.

Signaling Practice.
Signal Indications and Aspects. (A.R.A.)
Signal Indications, Principles of.—See Indications

Signals.
A.C. and D.C. Automatic Block.—See Automatic Block Signals.
A.C. Motor Semaphore, Specification 7919
Block Maintenance.—See Rules.
D.C. Motor Semaphore, Specification 2011
Electric Color Light, Specification 8019
Electric Position Light, Specification 8119.
Indicate Stop in Emergencies.—See Control.
Light, Requisites.
Motor, First Range U.Q., Method of Testing.

Signs or Markers for Enginemen.
Slides, Glass.—See Roundels.

Specifications.

1111, Portland Cement Concrete.—See Concrete Portland Ce-
ment

1211, Gasoline Engine with Fuel and Water Tanks.—See En-
gine.

1323, Hard Fibre.—See Fibre, Plard
1411, Electric Generators.—See Generator, Electric.
1511, Impregnation Treatment Coils and Windings.—Obsolete.
1611, Iron Gray Castings.—See Iron Castings, Gray.
1711, Malleable Iron Castings.—See Iron, Malleable, Castings.
1811, Wrought Iron Bars.—See Iron, Wrought, Bars.
1911, Illuminating Oil.—See Oil, Illuminating.
2011, D.C. Motor Semaphore Signal.—See Signals.
2111, Machinery Steel.—See Steel, Machinery.
2211, Galvanized E.B.B. Bonding Wires.—See Wire.
2312, Copper, or Tin-Plated, Channel Pin.—See Channel Pin.
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Specifications—Contiii ued

2412, Vitrified Clay Conduit.—See Conduit.
2512. Wood Crossarms.—See Crossarms.
2612, Crossarm Braces and Heel and Toe Bolts.—See Cross-

arms
2712, Steel Crossarm Pins.—See Crossarms.
2812. Crossarm Through Bolts and Double-Arm Bolts.—See

Crossarms.
2912, Galvanizing for Iron or Steel.—See Galvanizing.
3012, Eastern White Cedar Poles.—See Poles.
3112, Mechanical and Electrical Releases.—See Releases.
3212, Double Braided, Weatherproof, Galvanized B.B. Line

Wire.—See Wire.
3313, Gravity Battery Coppers.—See Battery, Primary.
3413, Gravity Battery Zincs.—See Battery, Primary
3513, Annunciator Bells.—See Bells.

3613, Steel Pipe Conduit.—See Conduit.
3713, Wrought Iron Pipe Conduit.—See Conduit.
3813, Fuses.—See Fuses.
3 913. Push Buttons Used for the Operation of Bells, Annuncia-

tors and Similar Devices.—See Push Buttons.
4013, Floor Pushes.—See Pushes, Floor
4113, Enameled Copper Magnet Wire.—See Wire.
4213. Crossing of Wires or Cables of Telegraph, Telephone,

Signal and Other Circuits of Similar Character. Over
Steam Railroad Rights of Way, Tracks, or Lines of
Wires of the Same Classes.—See Wire Crossings.

4314, Electrolyte for Lead Type Storage Battery—See Battery.
Storage.

4414, D.C Vibrating Highway Crossing Bell.—See Bells.

4514. Installation of a Vitrified Clay Conduit System.—See
Conduit

4614. Transformer Oil.—See Oil

4714, Galvanized Messenger Wii:e—See Wire
4814, Galvanized Steel Signal Wire—See Wire
4915, Nickel. Iron. Alkaline Storage Battery.—See Battery,

Storage
5015, Crystallized Copper Sulphate.—See Copper Sulphate.
5115. Incandescent Electric Lamps.—See Lamps.
5215, Vacuum Gap Lightning Arresters.—See Lightning Pro-

tection.

5316, Composite Type Stationary Storage Battery for Signaling.—See Battery. Storage.
5416, Aerial Aluminum Cable Steel Reinforced.—See Cable.

5516, Installation of Fibre and Metal Conduit Systems.—See
Conduit.

5616, Rubber Insulating Tape.—See Tape.
5716, Capping and Grooved Trunking.—See Trunking. Wood.
5817, Pure Lead Type Stationary Storage Battery for Signal-

ing.—See Battery, Storage.
5917, Hand Lantern Globes.—See Globes.
6017, Made Ground Apparatus for Lightning Arresters.—See

Lightning Protection.
6117, Petroleum Asphaltum. to Protect Insulated Wires in

Trunking.—See Petroleum Asphaltum.
6217, Switchboard Material.—See Switchboards.
6318, D.C. Automatic Block Signals, Low Voltage.—See Auto-

matic Block Signals.
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Specifications—Continued.

6418, Impregnated Fibre Conduit for the Protection of Insu-

lated Wires and Cables.—See Conduit.

6518, Electric Interlocking.—See Interlocking.

6618. Electromechanical Interlocking.—See Interlocking.

6718, Electropneumatic Interlocking.—See Interlocking.

6918, Signal Roundels, Lenses and Glass Slides.—See Roundels.

7018, Copper-Clad Steel Bonding Wires.—=See Wire.

7118, Thirty Per Cent. Conductivity, Hard Drawn, Copper-Clad

Steel Line Wire.—See Wire.
7218, Double Braided, Weatherproof, Hard Drawn, Copper

Line Wire.-—See Wire,
7319, Alternator.—See Alternator.

7419, Impedance Bond.—See Impedance Bond,
7519, Mechanical Interlocking Machine, Improved Saxby and

Farmer Locking.—See Interlocking.

7619, Power Interlocking Machine.—See Interlocking.

7719, Petrolatum for Use in Impedance Bonds.—See Petrola-

tum.
7819, Alternating Current Relay,—See Relays.

7919, Alternating Current Motor Semaphore Signal.—See

Signals.

8019, Electric Color Light Signal.—See Signals.

8119, Electric Position Light Signal.—See Signals.

8219, Friction Tape.—See Tape, Friction.

8319, Single-Phase, Air-Cooled Track Transformer.—See Trans-
formers.

8419, Single-Phase Line Transformer, Oil Immersed, Self-

Cooled.—See Transformers.
8519, Portable Direct Current Volt-Ammeters.—See Volt-Am-

meters.
8620, Alternating Current Automatic Block Signal System.

—

See Automatic Block Signals.

8720, Type "A" Caustic Soda Primary Cells and Renewals.

—

See Battery, Primary.
8820, Lead Type Portable Storage Battery for Signaling.—See

Battery, Storage.
8920, Aerial Braided Cable for 660 Volts or Less.—See Cables.

9020, Rubber Insulated Armored Submarine Cable for 660
Volts or Less.—See Cables.

9120, Lead Covered Cable for 660 Volts or Less,—See Cables.

9220, Armored Submarine Cable for 2200 Volts.—See Cables.

9320, Lead Covered Cable for 2200 Volts.—See Cables,

9420, Underground Braided Cable for 660 Volts or Less.—See
Cables.

9520, Universal Switch Circuit Controllers.—See Controllers,

9620, Renewable Cartridge Fuses.—See Fuses, Cartridge, Re-
newable.

9720, Alternating Current Indicator or Repeater.^—See Indica-
tor or Repeater, A.C.

9820, Universal Electric Lock for Hand Operated Switches.

—

See Lock, Electric.

9920, Electric Lock for Interlocking Machines.—See Lock,
Electric.

10020, Direct Current Motor-Operated First Range Voltage High
Signal Mechanism.—See Mechanism.

10120, Universal Electric Motor Switch Operating and Locking
Mechanism.—See Mechanism.
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Specifications—Continued.

10220, Zero Fahrenheit Lubricating Oil.—See Oil.

10320, 45° Below Zero Fahrenheit Lubricating Oil.—See Oil.

10420, Air-Cooled Reactor tor Line and Track Circuits.^See
Reactor.

10520, Tractive Armature Direct Current Neutral Relays.—See
Relays.

10 620, Resistor for Line and Track Circuits.—See Resistor,

10720, Switchboard, A.C. Signal System.—See Switchboards.
10820, Copper Bond Wire.—See Wire.
10920, Electric Light, Power Supply and Trolley Lines Crossing

Steam and Electric Railways.—See Wire Crossings.
11020, Wire Joints.—See Wire.
11120, Mineral Matter Rubber Compound Insulated Signal Wire

for 660 Volts or Less.—See Wire.
11221, Portable A.C. Ammeters.—See Ammeters.
11321, Primary Battery Jar.—See Battery, Primary
11421, Mechanical Interlocking Machine, Style "A" Locking.

—

See Interlocking.
11521, Portable A.C. Voltmeters.—See Voltmeters.
11622, Cement Concrete Battery Box.—See Battery, Storage.
11722, Glass Battery Jar for Storage Cells.—See Battery, Stor-

age.
11822, Installation of Mechanical Interlocking System.—See In-

terlocking.
11922, Electric Wiring for Interlocking Plants (First and

Second Range Voltage).—See Interlocking.
12022, Paint and Painting.—See Paint and Painting.
12122, Compensation of Pipe Line.—See Pjpe Line Compensa-

tion.

12222, One Inch Soft Steel Signal Pipe.—See Pipe.
12322, One Inch Wrought Iron Signal Pipe.—See Pipe.
12422, Concrete Trunlcing, Capping and Supports.—See Trunk-

ing.
12523, Electromechanical Interlocking Machine, I. S. & F. Minia-

ture Locking.—See Interlocking.
12623, Cylindrical Dry Cells.—See Cells.

13023, Drawbridge Circuit Controllers.—See Controllers.
13123, Direct Current Indicator.—See Indicator.

Standard Designs.—See Standard Designs. (Separate Section.)

Standard Forms, Material and Labor.—See Forms.
Standardization of Pipe Thread.—See Pipe Thread.
Standard Sections (For use in unit specifications).

Stationary Storage Battery.—See Battery, Storage.

Steel, Machinery, Specification 2111.

Steel.

Crossarm Pins.—See Crossarms.
Pipe.—See Pipe.
Pipe Conduit.—See Conduit.
Wire.—See Wire.

Style "A" Mechanical Interlocking Machine.—See Interlocking.
Storage Batteries.—See Battery, Storage.
Storage Cells, Glass Battery Jar for.—See Battery, Storage. Jar.
Submarine Cable.—See Cable.
Sulphate.—See Copper Sulphate.
Supply and Distribution of Power.—See Power.
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Switch.
Circuit Controllers.—See Controllers.
Indicators.—See Indicators.
Operating and Locking Mechanism.—See Mechanism.

Switchboards.
A.C. Signal System, Specification 10720.
Installation and Operation, Instructions.
Material, Specification 6217.
Material, Requisites.

Tables.
Interlocking Units and Values.—See Interlocking.
Minimum Limiting Resistance in Series with Track Battery.

—

See Resistance.
Operating Characteristics U.Q.D.C. Motor Operated Signals—See

Signals, Motor.
Relay and Indicator Requirements, D.C.—See Relays, Inspecting

and Testing.
Rubber Insulation Resistance.—See Wire.
Wire.—See Wires Crossing Steam and Electric Rys.
Wires for Stranded, Flexible Conductors.—See Wire.

Take Siding Indicator.—See Indicators.
Tape.

Friction, Specification 8219.
Rubber Insulating, Specification 5616.

Technical Terms, Definitions.—See Definitions.

Terminologj', Electric Wire and Cable.
Test Charts.

Ballast and Rail Resistance.
Track Circuit.

Testing,
A.C. Relays and Indicators.—See Relays.
D.C. Relays.—See Relays.
First Range D.C.U.Q. Motor Signals.—See Signals, Motor

Tests.—See Standard Sections.

Tests, D.C, Electrical Apparatus, Forms.—See Relays D.C, Inspect-
ing and Testing.

Tests, Torque, Shop, Instructions,
Thread, Pipe, American Engineering Standards.—See Pipe Thread,
Time Releases.—See Releases.
Torque Tests.—See Tests.

Track Battery, Minimum Limiting Resistance in Series with.—See
Resistance.

Track Circuit.
Characteristics, A.C.
Data, A.C.
Formula, A.C.
Instructions, A.C.
Precautions, A.C.
Rail and Ballast Resistance Report.—-See Resistance.

Track Circuits.—See Maintainers, Signal, Questions and Answers.
Train Control, Automatic.
Transformer Oil.—See Oil.

Transformers.
Single-Phase, Air-Cooled, Track, Specification 8319.
Single-Phase, Oil Immersed, Self-Cooled, Specification 8419.

Ti'unking.
Concrete, Capping and Supports, Specification 12422.
Wood, Specification 5716.

Typical Wire Crossing Diagrams, A to L inclusive.—See Wires Cross-
ing Steam and Electric Rys.
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Underground Braided Cable.—See Cables.
Units and Values, Interlocking.—See Interlocking.
Units, Signal Installations, Service Life.—See Service Life, Units.

Universal.
Electric Lock.—See Lock, Electric.
Electric Motor Switch Operating and Locking Mechanism.—See

Mechanism.
Switch Circuit Controllers.—See Controllers.

Upper Quadrant D.C. Motor Signals.—See Signals, Motor.
Vacuum Gap.—See Lightning Protection.
Valuation, Construction Program for.—See Signal Construction

Program.
Varnish Treatment of Electrical Windings.—See Windings, Elec-

trical.

Vitrified Clay Conduit.—See Conduit.
Volt-Ammeters, Portable D.C, Specification 8519.
Voltmeters, Portable A.C., Specification 11621.
Voltage Ranges for Signal Work.
White Cedar Poles.—See Poles.
Windings, Electrical.

Non-Oil Proof, Impregnating Compound Treatment of, Requisites.
Paitlally Oil-Proof, Impregnating Compound Treatment of,

Requisites.
Oil-Proof, Impregnating Compound Treatment of. Requisites.
Varnish Treatment of, Requisites.

Wire.
Bond Copper, Specification 10820.
Bonding, Copper-Clad Steel, Specification 7018.
Bonding, Galvanized, E.B.B., Specification 2211.
Crossing of Steam Railroad Rights of Way.—See Wire Crossings.
Crossing Steam and Electric Railways.—See Wire Crossings.
Inspection Report, Forai for.

Joints, Specification 11020.
Line, Copper-Clad Steel, Specification 7118.
Line, W.P.D.B. B. B., Specification 3212.
Line, W.P.D.B. Copper, Specification 7218.
Magnet, Copper Enameled, Specification 4113.
Messenger, Galvanized, Specification 4714.
Messenger, Recommended Sags for. Table.
Rubber Insulated, Copper, Specification 11120.
Rubber Insulation Resistance.
Signal, Galvanized Steel, Specification 4814.
Stranded and Flexible Conductors, Table of.

Wire and Cable, Electric, Terminology.—See Terminology.
Wire Crossings.

Crossing Steam and Electric Railways, Specification 10920.
Crossings of Wires or Cables of Telegraph, Telephone, Signal

and Other Circuits of Similar Character Over Steam Rail-
road Rights of Way, Track or Lines of W^ircs of the Same
Classes, Specification 4213 (As adopted by Ass'n of Ry. Tele.

Supts.).
Wiring, Electric, for Interlocking Plants.—See Interlocking Plants.
Wood Crossarms.—See Crossarms.
Words and Phrases.—See Phrases and Words.
Written Circuits.—See Circuit Nomenclature.
Wrought Iron.

Bars.—See Iron.
Pipe.—See Pipe.
Pipe Conduit.—See Conduit.

ZincB.—See Battery, Primary.
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STANDARD DESIGNS

INDEX—NUMERICAL
1923

No. TITLE. Original. Latest Rev.

1001. Screw, Wire Adjusting Dec, 1908 Oct., 1913
1002. Screw, Pipe Adjusting Dec. 1908 Feb., 1914
1007. Cranks—Forged, Details of (Form-

erly Right Angle Cranks) Dec. 1908 Nov., 1913
1008: Crank Stand—One-way Horizontal.

Details of (Formerly One-way Crank
Stand) Dec, , 1908 June. 1913

1009. Crank Stand—Two-way Horizontal,
Details of (Formerly Two-way
Crank Stand) Dec, 1908 June, 1913

1010. Pins—Crank and Jaw (Formerly One-
and Two-way Crank Pins) Dec, 1908 July, 1920

1011. Crank Stands—One and Two-way
Horizontal (Formerly One-way
Crank Stand, Complete) Dec, 1908 Nov., 1913

1013. Cranks—Pipe Compensator (Formerly
One-way Compensator Base, See
1014, Nov., 1913) Dec, 1908 Nov., 1913

1014. Pipe Compensator—One-way Hori-
zontal (Formerly Pipe Compen-
sator) Dec, 1908 Mar., 1919

1015. Pipe and Coupling—One-inch, Signal.. Dec, 1908 Mar., 1922
1016. Jaw—Screw and Solid (Formerly

Straight Solid Jaw, See 1018M,
Nov., 1913) Dec,. 1908 Sept., 1916

1017. Link, Lug and Compensator—Tang
End (Formerly Offset Solid Jaw,
See 1016, 1018M, Nov., 1913) Dec, 1908 ' Sept, 1910

1018. Jaws—Solid, with Tang Ends (For-
merly Wide Jaws, See 1016M, Sept.,

1916) Dec, 1908 Nov., 1913
1019. Jaws—Tang End and Adjustable Link

(Formerly Slotted Jaw, See 1016,

1018M, Nov., 1913) Dec, 1908 Dec, 1916
1020. Guide Clamps, Bracket and Caps (For-

merly Screw Jaw) Mar., 1915.

1021. Guide Clamps for Vertical Connec-
tions on Signals Mar., 1915 June, 1917

1022. Guide Supports and Caps for Vertical
Connections on Signals (Formerly
Jaw—Solid Butt End) Mar., 1915
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No. TITLE. Original. Latest Rev.

1023. Guides for Vertical Connectioiri on
Signals Mar., 1915

1024. Crank Bracket Fittings for Pipe
Bracket Post (Formerly Link

—

Straight Adjustable) Mar., 1915
1025. Crank Bracket Fittings for Pipe

Bracket Post (Formerly Link

—

Solid Steel Forging) Mar., 1915
1026. Ladders—Ground Masts, Mechanical

Signals Dec, 1908 Obsolete.
1027. Ladders, Top of Dec, 1908 Obsolete
1028. Ladders for Bracket Posts and Mech.

Bracket Masts Dec, 1908 Obsolete.
1029. Ladder Clamps and Stays Dec, 190S Obsolete.
1030. Bracket Post—Deck for Pipe and

Channel Column (Formerly St'd
Pipe Signal Post, See 1035, Sept.,

1914) Dec. 1908 May, 1914
1031. Bracket Post Head and Trunking Cap,

Pipe (Formerly St'd Pipe Signal
Post, See 1035, Dec, 1915) Dec, 1908 May, 1914

1032. Bracket Post—Channel Column (For-
merly St'd Pipe Signal Post, See
1035, Dec, 1915) Oct., 1910 May, 1914

1033. Bracket Posts—Mountings for Bottom
Mast Mechanism Cases (Formerly
Jaw Pins, See lOlOM, Sept., 1915).... Dec, 1908 Sept., 1914

1034. Base for Ground Signal Masts (For-
merly Base for 6" Signal Post) Dec, 1908 Mar., 1921

1035. Masts, Signal (Formerly Ground Sig-

nal Masts) Mar., 1910 Dec, 1915
1036. Base for Bridge and Bracket Masts.... Mar., 1910 Feb., 1914

1038. Base for Pipe Bracket Post Oct., 1910 Oct., 1913

1039. Bracket Post, Pipe Oct., 1910 May, 1914

1040. Spectacle—Semaphore, Design "A" Oct., 1909 May, 1913

1041. Spectacle—Semaphore, Design "B" Oct., 1909 May, 1913

1043. One-Arm Mech. Ground Signal Dec, 1910 Sept., 1915

1044. Two-Arm Mech. Ground Signal Dec, 1910 Sept., 1915

1045. Three-Arm Mech. Ground Signal Dec, 1910 Sept., 1915
1049. Lamp Bracket—Adjustable, Details

and Assembly Oct., 1910 Mar., 1914

1050. Pinnacle Mar., 1910 Feb., 1914

1052. Ladder Foundation June, 1910 Dec, 1913

1053. Round Jars and Covers (Primary Bat-
tery) (Formerly Cell—Signal, Caus-
tic Soda Primary Battery) Oct., 1912 July, 1920

1055. Switch Rod Insulation (Formerly
Terminal Block, See 1056M, Oct.,

1916) Oct., 1910 Sept., 1914

1056. Terminal Blocks Mar., 1912 Oct., 1916

1057. Crank Stands—Horizontal, Assembly
with 2 and 3 Cranks Oct., 1912 Feb., 1914

1058. Anchor Post Mar., 1913
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,l^« «,
TITLE. Original. Latest Kev.

1059. Clamp for Base of Ground Mast Sig-

,n««
„^als ; Oct., 1911 Dec, 1915

1060. Rocking Shaft Arms.. Mar., 1912 Oct., 1912
1061. Rocking Shaft Bearings

, Mar., 1912 Dec, 1912
1062. Rocking Shaft—Assembly and Details Mar., 1912 Dec, 1912
1063. Rocking Shaft—Low Bearing...., Oct., 1912 Oct., 1913
1064. Torque Curves for Elec Semai)hore

Spectacles Oct., 1912 Mar., 1923
1065. Wood Signal Blades Oct., 1911 Mar., 1923
1066. Crank Stand—Single Vertical, Details

and Assembly of Oct., 1911 Nov., 1913
1067. Crank Stand—Multiple Vertical, De-

tails of Oct., 1911 Nov., 1913
1068. Deflecting Stands—Vertical. Details

and Assembly of Oct., 1911 Dec, 1917
1069. Deflecting Stand Bar—Details of Oct., 1912 Oct., 1917

1070. Binding Posts (Formerly Nut and
Washer) June, 1910 Mar., 1923

L071. Pipe Carrier, Strap Oct., 1911 Dec, 1913

1072. Pipe Carriers—Transverse, Assembly
of Oct., 1911 Dec, 1913

1073. Pipe Carriers—Transverse, Details of Oct., 1911 Mar., 1916

1080. Foundations for Pipe Carriers—Con-
crete J..W.*........, June, 1910 Feb., 1914

1082. Bearing—Semaphore, Mechanical Oct., 1910 Mar., 1920

1083. "U" Bolt and Clamp Oct., 1910 Feb., 1914

1084. Pipe Carrier—Assembly June, 1912 Mar., 1920

1085. Pipe Carrier—Details June, 1912 Mar., 1920

1086. Channel Pin Oct., 1910 June, 1921

1087. Zinc—Gravity Battery June, 1911 Oct., 1913

1088. Coppers—Gravity Battery June, 1911 Oct., 1913

1089. Cross-arms, Wood Oct., 1911 Oct.. 1912

1090. Filler Block—To Limit Travel of Sig-
nal Arms Oct., 1911 Dec, 1913

1091. Filler Block—To Limit Travel of Sig-
nal Arms Oct., 1911 Dec, 1913

1092. Filler Block—To Prevent Travel of
Signal Arms Oct., 1911 Dec, 1913

1093. Spectacle Clearance—Diagram of Oct., 1911 Dec, 1913
1094. Pipe Line Insulation—One-inch Oct., 1911 Sept., 1916
1095. Bolt—Lock, Multiple Unit, Details and

Assembly of Oct., 1911 Mar., 1917
1096. Plunger Lock—Details and Assembly

of Oct.. 1911 Aug., 1914

1097 Dwarf Signal—Mechanical, Assembly
of Oct., 1911 Sept., 1914

1098. Detector Bars—Details and Assembly
of '. Mar., 1912 Oct., 1917

1099. Detector Bar—Position of and Loca-
tion of Clip Bolt (Formerly De-
tector Bars. See 1098, Oct., 1917) Mar., 1912 June, 1913
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No. TITLE. Original. Latest Rev.
1100. Lamp, Semaphore Dec, 1908 June,' 1918

1101. Oil Fount for Semaphore Lamp (For-

merly Lamp Equipment) June, 1910 April, 1914

1102. Compensation Chart Oct., 1909 Obsolete.

1103. Foundation for Horizontal Crank and
Wheel Stands, Concrete Oct., 1909 Oct., 1913

1104. Foundation for Comp'fensator, Concrete Oct., 1909 Mar., 1913

1105. Foundation for Channel Column
Bracket Post, Concrete Oct., .1909 Oct.. 1913

1106. Foundation for Dwarf Signal, Con-
crete Oct., 1909 Mar,, 1913

1107. Foundation for Ground Mast Mechani-
cal Signals -. Oct., 1909 Mar., 1923

1108. Foundation for Pipe Biacket Post,
Concrete Oct., 1909 Oct., 1913

1109. Foiindation for Pipe Carrier, Concrete Dec, 1908 Dec. 1909

1154. Box and Bootleg, Terminal Dec, 1911
1155. Box, Junction 1911
1156. Trunking Dec, 19il
1157. Bootleg, Terminal Dec, 1911
1165. Pin—Steel, Cross-arm, Standard Mar., 1912 Oct., 1912
1166. Pin—Steel, Terminal, Cross-arm iMar., 1912 Oct.. 1912
1167. Pin Cap Gauge, Cross-arm Mar., 1912
1173. Indicate Locking June, 1912
1174. Charging Panels—Line June, 1912 Sept., 1916
1175. Hydrometer May, 1915 Sept., 1916
1176. Trunking, Grooved May, 1912 Mar.. 1922
1177. Trunking, Built-up May, 1912 Mar.. 1922

1178. Clamps for Base of Bridge and
Bracket Masts Oct., 1912 Feb., 1914

1179. Handrail for Bracket Posts—Details
and Assembly of Oct., 1912

1180. Cable Post, Base for June, 1912 Oct., 1912

1181. Cable Post, Cap and Bushing for June, 1912 June, 1917

1182. Relay Boxes—Sizes "A" and "B" June, 1912 Mar., 1921

1183. Relay Box Details—Size "B" June. 1917 Mar., 1921

1184. Relay Box Details—Size "A" June, 1917 Mar., 1921

1185. Relay Boxes and Cable Posts, As-
sembly of June, 1912 June, 1917

1189. Jar, Gravity Cell Oct., 1913 Obsolete.

1190. Bracket Post—Mechanical Connections
for Six-way Oct., 1912

1191. Bridge and Bracket Masts—Mechani-
cal Connection for Three-arm Oct., 1912

1194. Bearing—Mechanical Semaphore, De-
tails and Assembly of Oct., 1912 Mar., 1920

1195. Pipe—One-inch, Operating Fittings Oct., 1912 Mar., 1917

1196. Guides for Vertical Connections on,
Bracket Posts Oct., 1912 Mar., 1915

1197. Two-Lever Wall Machine (Formerly
Lever Stand, Double) Oct.. 1912 Dec, 1915
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No. TITLE. Original. Latest Rev.
1198. Crank Bracket for Bracket PostS; (For-

merly Cranks—Adjustable Arm and
Support) Oct., 1912 Mar., 1915

1199. Crank for Signals—Adjusting Oct., 1912 Sept., 1914

1200. Tower Leadouts—Foundation for
Rocking Shafts June, 1912

1201. Tower Leadouts—Mounted Rocking
Shafts June, 1912

1202. Tower Leadouts—Detail of, Channel
and I Beams June, 1912

1203. Tower Leadouts—Foundation for

Cranks and Deflecting Bars June, 1912

1204. Tower Leadouts—Mounted Cranks
and Deflecting Bars June, 1912

1205. Tower Leadouts—Details of. Mount-
ings for Crank and Deflecting Bars.. June, 1912

1206. Tower Leadouts—Mounted Deflecting
Bars and Rocking Shafts June, 1912

1207. Tower Leadouts—Mounted Rocking
Shafts, Low Bearing May, 1914

1217. Tower Leadouts—Foundation for

Crank, Deflecting Bars and Rocking
Shafts Oct., 1912

1219. Cross-arm Brace Oct., 1912

1220. Cross-arm Bolts—Galvanized Oct., 1912 Dec, 1919

1222. Electric Lamp Case—Details and As-
sembly Oct., 1912

1223. Switch Box Connections Oct., 1912

1224. Jars—Storage Battery, Covers, Hold
Downs, and Sand Trays (Formerly
Lead Type Storage Battery) Oct., 1912

1225. Stuffing Box for One-inch Pipe Oct., 1912

1226. Stuffing Box for Wire Oct., 1912

1227. Battery Elevator—Details and As-
sembly Oct., 1912

1228. Battery Chute—Details of Single Oct., 1912

1229. Battery Chute—Details of Double Oct., 1912

1230. Battery Chutes—Assembly of Oct., 1912

1231. Pipe Compensator—Vertical Type.
One-way Mar., 1914

1232. Dwarf Signal—Mechanical, Top and
Base Bearing Sept., 1914

1233. Mechanical Dwarf Signal Spectacles
and Lamp Bracket Supports (For-
merly Spectacle—Dwarf, Two Po-
siton. Upper Quadrant) Oct., 1912 Sept., 1914

1235. Semaphore Spectacle—Design "C" Mar., 1916
1236. Signal—Two-way, Single Lamp Mar., 1914 Mar., 1910
1237. Lock Rod, Adjustable May, 1914
1238. Marker Light Mar.. 1914

Dec,
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No. TITLE. Original. Latest Rev.
1239. Dwarf Signal Fittings, Mechanical

(Formerly Details and Assembly of

Switch Box Connections, See 1223) Oct., 1913 Sept., 1914
1240. Motor Panel Mar., 1913
1241. Lead Elements June, 1913 Mar., 1914

1242. Mercury Arc Rectifier Panel June, 1913
1243. Switchboard Supports June, 1913 Oct., 1913
1244. Charging Panels, Electric Interlock-

ing ;.... June, 1913
1246. Charging Panels, Circuits for Electric

Interlocking June, 1913
1-247. Charging Panels, Manipulation Chart

for Electric Interlocking June, 1913
1248. Lead Type Portable Storage Battery.... Mar., 1916
1259. Foundation for Ground Mast Bottom

Mechanism Signals May, 1916
1299. Switch Point Drilling July, 1920 Mar., 1922
1309. Fuses, Cartridge Enclosed Mar.. 1913 Oct., 1914
1329. Incandescent Electric Lamps Sept., 1914
1331. Pipe Duct, Method of Laying Single

and Sewer Oct., 1913 Sept., 1914
1332. Duct Reducers, Mandrels, Duct Plugs

and Dowel Pins Oct., 1913 Sept., 1914
1333. Manhole Frame, 10" high, and Cover.. Oct., 1913 Sept., 1914
1334. Cable Hanger Sockets, Sewer Steps

and Manhole Clevis Oct., 1913 Sept., 1914
1335. Duct, Vitrified Clay Oct., 1913
1336. Duct, Method of Laying Single and

Multiple Oct., 1913
1337. Manhole, Concrete Oct., 1913 Sept., 1914
1338. Manhole, Brick Oct., 1913 Sept., 1914
1339. Manhole Frame, 4" high, and Cover.... May, 1914 Sept., 1914

1340. Bolt—Storage Battery Connection,
Lead Type Mar., 1914

1341 Separator—Storage Battery, . Lead
Type Mar., 1914 Sept., 1914

1342. Box, Concrete Storage Battery—Iron
Details Mar., 1914

1343. Bo.\-, Concrete Battery Mar., 1914 Mar., 1923
1344. Knife Switches and Clips Mar., 1914
1345. Switches, Single Throw Mar., 1914
1350. Chain Wheels, Horizontal Oct., 1913
1351. Chain Wheels, Vertical Oct., 1913
1352. Chain Wheels, Vertical Oct., 1913
1355. Crank Bearings and Clamps Mar., 1916

1366. Bearing, Double Spectacle and Lamp
Bracket Mar., 1916

1357. Ladders for Two-way Single-Lamp
Signal Mar., 1916

1360. Tang Ends with Screw Jaw May, 1915 Dec, 1915
1361. Adjusting Crank and Assembly May, 1915
1362. Ladder Parts—Details Mar., 19)8 Dec. 1918
1363. Ladder Hand Rails Mar., 1918
1364. Ladder Platforms Mar., 1918
1365. Ladders for Ground Mast Signals ^ Mar., 1917 Mar., 1918
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No. TITLE. Original. Latest Rev.
1366. Ladders for Bracket Mast Signals Mar., 1918
1367. Relay Box Inlet Bracket June, 1917
1368. Relay Box Linings and Terminal

Board June, 1917 Mar., 1921
1369. Relay Box Fittings June, 1917 Mar., 1921
1371. Ladder Clamps and Stays—Detail and

Assembly Mar., 1917 Dec, 1918
1372. Ladders for Bracket Posts Mar., 1918
1373. Gauge Plates—Insulated Butt Joint.... July, 1920 Mar., 1923
1374. Relay Box and Cable Post Mountings.. June, 1917
1375. Thermometer (Stationary Lead Type

Storage Battery) Oct., 1917 Nov., 1917
1376. Double Tang Ends—Details and As-

sembly Mar., 1918
1377 Test for Ground Resistance Mar., 1917 July, 1920
1378. Scale Ranges for Electrical Instru-

ments Mar., 1917
1379. Charging Panels, Generator Sept., 1916
1387 Adapter—Base for Ground Mast Bot-

tom Mechanism Signals May, 1916 Sept., 1916
1388. Graphic Representation of Electric

Energy Supply for Power Inter-
locking May. 1915 Sept., 1915

1389. Graphical Representation of Air Sup-
ply for Pneumatic Interlocking May, 1915

1390. Switch Adjustment—Details May. 1915 Sept., 1916
1391. Switch Adjustment—Non-insulated May, 1915 Sept., 1916
1392. Switch Adjustment—Insulated Sept., 1916 Mar., 1922
1393. Crank Stand, Horizontal—Two-way

Separate-pin Sept., 1916
1394. Globes—Hand Lantern Mar., 1917 Dec, 1917
1395. Electric Lamp Case (For Signals)—

Details Mar.. 1917 Deci, 1918
1396. Stands—Horizontal Adjustment De-

flecting June, 1917 Oct., 1917
1397. Two-Lever Wall Machine.. Sept., 1915 Dec, 1915
1398. Crank Bearings and Clamps for 6"

Pipe (For Two-way Single-lamp
Signal) June, 1918

1399. Low Target Stand Mar., 1916 July, 1920
1400. Turn in Pipe Run Mar., 1916 June, 1916
1402. Leadaway Mar., 1916 June, 1916
1403. Branch Connection to Line Wire

Double Crossarm Support Sept., 1919 Mar., 1920
1404. Branch Connection to Line Wire

Single Crossarm Support Mar., 1920
1405. Weatherproof Insulated Iron Line

Wire Joint Mar., 1920
1406. Rubber Insulated Solid Copper Wire

Joint Mar., 1920
1407 Weatherproof Copper Line Wire

Sleeve Type Joint Mar., 1920
1408. Stranded Wire Joint Mar., 1920
1409. Cotters (Size-Drilling-Location) Mar., 1919 Dec. 1919
1411. Branch Connection to Dead-Ended

Line Wires Double Crossarm Sup-
port Mar.. 1920
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No. TITLE. Original. Latest Rev.
1412. Dwarf Signal—Mechanical Escape-

ment Cranks and Blanking Shield.... Dec, 1920 Mar., 1921
1414. Roundels for Signals July, 1920
1419. Rectangular Jars and Covers (Pri-

mary Battery) Mar., 1920 July. 1920
1420. Circuits for Line Charging Panels Sept., 1916
1422. Adjustable Resistance (For Testing).. June, 1918
1424. Lightning Arrester Grounds Mar., 1917 Nov., 1917

1425. Plunger Switch Lock—Rectangular
Plunger June, 1921

1426. Plunger Switch Lock—Details—Rect-
angular Plunger June, 1921

1428. Bonding o£ an Electric R. R. Crossing
with Steam R. R. (One Rail of Elec-
tric R. R. Insulated from Crossing) July, 1920

1429. Bonding of an Electric R. R, Crossing
with Steam R. R. (Rails of Electric
R. R. not Insulated) July, 1920

1430. Semaphore Lamp—2 Lens Dec, 1919 July, 1920
1440. Switch Lamp (Spherical Type) Sept.. 1919 Mar.. 1920
1441. Switch Lamp Base-Socket Mar., 1920
1442. Lens Hoods and Couplings for Switch

and Semaphore Lamps Mar., 1920
1443. Oil Fount (For Spherical Type Lamp

No. 1440) Mar., 1920
1445. Switch Lamp Discs Dec, 1920 Mar., 1921
1449, Base for 4-Inch Mast Dec, 1919

1452. Concrete Trunking, Capping and Sup-
port Dec. 1920 Mar., 1921

1453. Concrete Trunking and Capping Re-
inforcement Dec. 1920 Mar.. 1921

1454. Gauge Plate—Insulated Lap Joint Mar., 1921 Mar.. 1923
1456. Torque Testing Apparatus June. 1921
1457. Operating and Overload Curve Chart.. June, 1921

1458. Cast Iron Washer for Three-fourths
Inch Bolt Mar., 1921

1459. Staff Tip Adapter Sept., 1919

1460. Switch Lamp Sept., 1919

1461. Switch Lamp Base-Socket (For Cyl-

indrical Type Switch Lamp 1460).... Sept.. 1919

1470. Train Marker Lamp June, 1919 July, 1920

1480, Engine Signal Lamp Sept., 1919 July. 1920

1496. Highway Crossing Gate Lamp and
Slow Track Sign Lamp Hangers Mar., 1920

1497. Highway Crossing Gate Lamp Fount
and Lens Hoods Mar.. 1920

1498. Highway Crossing Gate Lamp Handle
and Alignment Clamp Mar., 1920

1499. Highway Crossing Gate Lamp June, 1919 Mar., 1922

1500. Machine Leg for Interlocking Machine.
Style "A" Locking Dec, 1920 June. 1921

1501. Latch Shoe Details for Interlocking
Machine, Style "A" Locking Dec, 1920 Mar., 1921
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No.

,

TITLE. Original. Latest Kev
1502. Latch Shoe Assembly for Interlocking

Machine, Style "A" Locking Dec, 1920 IHar.. 1921
1503. Rocker Guide for Interlocking Ma-

chine, Style "A" Locking Dec, 1920 Mar., 1921
1504. Lever Number Plate for Mechanical

Interlocking Machines Mar., 1921 June, 1921

1531. Single Switch Assembly: Attachment
—Operating and Front Rods June. 1922 Mar., 1923

1532. Movable Point Frog Assembly: At-

tachment—Operating and Front
Rods June, 1922 Mar.. 1923

1533. Double Slip Switch Assembly: Attach-
ment—Operating and Front Rods.... June, 1922 Mar., 1923

1534. Single Switch Assembly: Attachment
—Operating and Front Rods June, 1922 Mlar., 1923

1535. Double Slip Switch and Movable Point
Frog Assembly: Attachment—Oper-

ating and Front Rods June, 1922 Mar., 1923

1536. Instructions for Applying Compensa-
tion Mar., 1922 June, 1922

1537. Compensation Chart Oct., 1909 Mar., 1922
1538. Crank Chart Mar., 1922
1551. Take Siding Indicator—Dimensions

and Lettering May, 1914
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Appendix B

(3) AUTOMATIC TRAIN CONTROL

J. A. Pcabody, Chairman, Sub-Committee ; A. M. Burt, W. E. Boland,

G. E. Ellis, W. J. Eck, J. C. Mock, W. M. Post, T. S. Stevens.

The report on automatic train control will have to be divided into

several sections and for this purpose the following are now being used:

(a) The purpose of train control and historical data.

(b) Definitions.

(c) The effect of train control on train operation.

(d) The comparative control furnished by various types of train

stop and train control devices.

(e) The effect on signal systems of installing train control.

(f) To what extent may wayside signals be omitted in train

control territory?

Other sub-divisions may be found necessary as the studies are con-

tinued.

The report submitted at this time covers

:

(a) The purpose of train control and historical data,

(f) To what extent may wayside signals be omitted in train

control territory?

The Committee finds subject (b) Definitions, to be a very much
more important and difficult subject to handle than it first appeared,

and is therefore not willing to submit even a partial report until sufficient

time has been allowed to fullj' consider same.

Automatic Train Control

Purpose and Historical Data—1925

Automatic train control is proposed for. the purpose of preventing

that class of accidents, usually collisions, due to the failure of employees

to observe, understand or obey signal indications. Generally, collisions

can occur only as a result of one of the following causes

:

1. Failure of brakes.

2. Failure of signals to perform their function.

3. Failure of employees to comply with rules or orders.

4. Failure of emploj-ces to be governed by signal indications.

It is obvious that train control devices as now known will not

prevent collisions due to the first cause. Failures of signals to properly

perform their functions are extremely rare and the chance of collisions

from this cause is very remote. A large proportion of collisions have

been due to the failure of employees to comply with the rules or orders,

and many of these could not have been prevented by automatic train

control devices. The principal field, therefore, for an automatic train

control device is under the fourth cause as stated in the opening para-

graph. The failure to see or understand signals may be due to weather
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conditions, smoke, improperly displayed signals, complicated arrangement,

mafamiliarity with the road, diversion of engineman's attention or of his

physical incapacitj'. The failures to obey signals that are seen and under-

stood are rare.

While the purpose of automatic train control may be well defined

and understood, the benefits to be derived have been greatly overestimated

in the minds of the public. Accidents may occur which no type of train

control, may, under certain conditions, detect, viz.

:

1. Washouts.
2. Boulders on track.

3. Trees falling on track.

4. Obstructions on account of close clearance, such as crane

fouling main track.

5. Slides.

6. Broken rails, where contact is preserved.

7. Automobiles and trucks on crossings.

8. Runaway cars.

9. Collisions at slow speed.

10. Collisions occurring where train has been slopped by train

control and is proceeding.

As above stated, collisions are about the only class of accidents which

may be prevented by train control, although possibly a few derailments

might also be prevented, especially where speed control features are used,

but on the other hand there are a large number of collisions, particularly

those occurring in yards, that would not be prevented, and while each

of these may be accountable for a small number of injuries or deaths,

the total is an appreciable percentage of the whole number due to col-

lisions. Accidents, due to railroad operation, which include train service

accidents and highway crossing accidents, caused an average number of

deaths for the years 1919-1922, inclusive, of 4,157 and 140,495 injuries.

The average number of deaths due to collisions averaged 201 with 3,034

injuries. In other words, of the total number of casualties, collisions

were accountable for 4.83 per cent, of the deaths, and 2.16 per cent, of

the injuries, relatively a very small part of the total record.

The use of automatic train control devices or train stops was first

proposed many years ago. It is not, therefore, a new idea to the rail-

roads. As early as 1880 the Vogt device was tested on the Pennsylvania

Railroad, and in the early nineties the Kinsman device was tried out on

what is now a section of the Boston & Maine Railroad in Massachusetts,

and the Rowell-Potter, a mechanical device, was tried on the Boston,

Revere Beach & Lynn Railroad, on the Intramural Railway at the Chi-

cago Exposition in 1893, and later on other roads. The first permanent

installation of automatic stops was that on the Boston Elevated in 1899,

consisting of mechanical trips. Other devices were tried at different

times, all of the same nature and generally considered at present as being

impossible of application to steam roads, as those that might be Considered

in successful operation are in use on subways and elevated lines where

the traffic is uniform, where the speed is not excessive and generally
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where not exposed to the weather. The Committee has no record of

all the different tests or trials that have been made, but somewhere
between forty and fifty have been tried in various degrees, some tests

being merely those of an isolated track unit and others covering a more
elaborate installation. This has all been experimental or development

work, and there has been a gradual improvement from the beginning

up to the present time. While it is diflficult to make comparisons, the

situation does not appear to be materially different from other devices

in railroad and commercial use which have shown a gradual development

from an imperfect device at the start, and which have taken a number
of years before they could be so perfected as to be depended upon to

perform their intended functions without undue interference with

operation.

Prior to June, 1922, automatic train control devices were in more
or less extended use on three steam roads, the Chicago & Eastern Illinois,

Chesapeake & Ohio and the Chicago, Rock Island & Pacific. These all

were of the intermittent electrical contact or ramp type. The first named
covered a complete engine division, the second covered an appreciable

mileage with practically all engines on the territory equipped, whereas

the third was on an experimental section of twenty miles of double track

with twenty engines equipped. Automatic train stops have been in service

on elevated lines, subways and some electric traction companies for a

number of years, the first permanent installation being on the Boston

Elevated in 1899. It was later used on the Philadelphia Rapid Transit,

New York Municipal Railways, Interborough, Hudson & Manhattan and

the Pennsylvania Tunnel & Terminal Company, the latter being the Penn-

sylvania's terminal in New York. These were all of the plain mechanical

trip type in which the roadside element, when in operating position,

makes contact with the train element, directly opening the brake pipe.

The Washington Water Power Company, an electric line now abandoned,

equipped its signals with an overhead arm which in operating position

broke a glass tube on the top of the motor car, causing a brake applica-

tion. A modification of this is still in use on the Oakland Pier of the

"Key Route" Electric System in California. This comprises all of the

train control in service at the time the first order of the Commission

was issued in June, 1922, although a number of tests, very limited in

extent, had been conducted at various times and by various organizations,

some of the more prominent of which will be referred to later.

Governmental Activities

So much interest had been created in automatic train control that

Congress in 1906 authorized the Interstate Commerce Commission to

investigate this subject as well as the use of automatic signals. The
Block Signal & Train Control Board, composed of prominent engineers,

was, therefore, appointed to make these investigations. At that time

there was very little information available on the subject of automatic

train control. About 50,000 miles of track were block signaled, only 7,000
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of which had automatic signals. Beginning with its first report, dated

February 23, 1907, five separate reports were made by this Board, and

during the period of its existence tests were made on the five following

devices

:

Rowell-Potter Safety Stop. Tested on C, B. & Q., near Aurora,

111., in 1908 and 1909.

Harrington Train Control and Alarm. Tested on Erie, near Engle-

wood, N. J., in 1910.

Lacroix Train Control System. Tested on Staten Island Rapid

Transit Railway System in 1911.

Warthen Cab Signal and Train Control System. Tested on B., R.

& P., near Rochester, N. Y., in 1911.

Railway Automatic Safety Appliance Company. Tested on Pere

Marquette, near Saginaw, Michigan, in 1911.

Details of these tests with conclusions will be referred to later.

The work of the Block Signal and Train Control Board was discon-

tinued in June, 1912, owing to the lack of appropriation. The work was
later taken up, in October, 1913, by the Bureau of Safety of the Inter-

state Commerce Commission, which it is still continuing, reporting upon

plans submitted to it and conducting tests when arranged for. Plans

of about 400 devices have been submitted by the inventors, but only a

small percentage have been of sufficient merit to justify the conclusion

that they were worthy of further development or test.

The Bureau of Safety has also conducted several tests, as shown
in the following list

:

Jones Signal System. Tested on New York Central, near La Salle,

New York, in 1913.

Gray-Thurber Automatic Train Control System. Tested on P., Ft.

W. & C. Railway, Pittsburgh, in 1912 and 1914.

American Train Control Company. Tested on Maryland & Penn-

sylvania Railroad, near Baltimore, Md., in 1914.

Gollos Railway Signal Company. Tested on C, B. & Q., near Aurora,

111., in 1915 and 1916.

Wooding Train Control System. Tested on D., L. & W., between

Hoboken and NeAvark, N. J., in 1915 and 1917.

National Safety Appliance Company. Tested on Western Pacific

Railroad, Oroville, Calif., in 1919, and also on Southern Pacific Railroad

in 1922-1923, between Hayward and Halvern, Calif.

Sprague Safety Control & Signal Corporation. Tested on New York
Central, between Tarrytown and Ossining, N. Y., in 1922 and 1923.

A resume of such of the reports as have been published, together

with the conclusions, will be given later.

Railroad Administration Committee

In 1919 the Railroad Administration Automatic Train Control Com-
mittee was formed and continued until the time of the return of the

railroads to private ownership. This committee co-operated with the

Bureau of Safety and the Chief of that Bureau was a member of the
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committee. All of the plans on file in the Bureau of Safety were
reviewed and several devices were examined but no tests were made nor

was any development work done. The following were the conclusions

of this committee

:

1. That the relative merits of the various types of automatic train

control can not be determined until further tests have been made.

2. That more extended service tests, including complete records of

performance, are necessary before a decision can be reached on the avail-

ability for general practical use of any of the devices that have been

brought to the attention of the committee.

3. That on a large part of the railroad mileage in the United States,

with a given amount of money available for protection purposes, a greater

degree of safety can be obtained by installing block signals than by

installing automatic train control devices.

4. That on lines of heavy traffic, fully equipped with automatic block

signals, the use of train control devices is desirable.

5. That complying with its instructions without implying indorse-

ment, the committee finds the following devices available for further

test.

6. That it does not appear necessary to make tests of all of the

devices of a type to determine the availability of that type for general

practical use.

7. That a committee on automatic train control should be continued.

The devices referred to in conclusion 5 are the following

:

American Railway Signals Co. . .Intermittent electrical contact type.

American Train Control Co Intermittent electrical contact type.

Automatic Control Co Electrically controlled mechanical trip

type.

Casale Safety Device Co Intermittent electrical contact type.

Clifford Automatic Train Stop
Co Electrically controlled mechanical trip

type._

General Railway Signal Co Intermittent electrical contact ti'pe.

General Railway Signal Co Inert roadside element.
International Signal Co Intermittent electrical contact type.
Miller Train Control Corpora-

tion Intermittent electrical contact type.

National Safety Appliance Co Induction type.

Nevens-Wallace Train Control
Co Electrically controlled mechanical trip

type.

Schweyer Electric & Mfg. Co Inert roadside element.
Shadle Automatic Train Signal
Co Intermittent electrical contact type.

Sprague Safety Control & Signal
Corporation Induction type.

Union Switch & Signal Co Continuous induction type.

Wooding, B. F Intermittent electrical contact type.
Willson-Wright Safety Appliance
Co Electrically controlled mechanical trip

type.
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All of these devices were inspected by the Railroad Administration

Committee either as actually installed and in operation, as installed for

experiment or as exhibited ; wholly or partially constructed, in the shop

or laboratory. The following extracts from the report show the condition

of these devices as existing at the time of the inspection in the summer
and fall of 1919:

American Railway Signals Company

Inspected July 26, 1919, at the laboratory of Thomas E. Clark,.

Detroit, Mich. This is the device formerly known as the Julian-Beggs.

The parts of the apparatus that were examined, with the exception of

the engine relay, had been used experimentally on the Cincinnati, New
Orleans & Texas Pacific Railroad. Proceed, caution, or stop indications

were provided for by means of a three-position relay controlling the

train apparatus. The three-position relay is controlled by the polarity

of current on the ramp. A centrifugal governor was provided for speed

control. A circuit reverser, operated in connection with the centrifugal

governor, depends for reversal upon a specified movement of the engine

and provides for change in circuits to permit engine running backward.

Cab indicator lights were provided.

American Train Control Company

Inspected April 15 and 16, 1919, on the Chesapeake & Ohio Railway

between Charlottesville and Gordonsville, Va. The device is in use on

21 miles of single track and 32 engines are equipped. Automatic block,

color light signals, and train control were installed at the same time.

Ramps are located in pairs in advance of the signal, the right-hand ramp

being used for the stop and the left-hand for the approach indication

for the next block. No speed control features are used but approach

indication is provided.

Automatic Control Company

Inspected Julj' 11, 1919, in the office of the company at Indianapolis,

Ind. Apparatus of full size was used for demonstration purposes. The
roadside apparatus includes a movable trip rail operated by an electric

motor. The train contact element is operated by the roadside element

when a stop is to be produced, making a brake application. Contact

elements are placed on each side of the rear end of the tender to provide

for forward or backward movement. A proceed valve or release switch

when operated manually permits the train to pass a trip rail in the stop

position. No speed control elements are included.

Casale Safety Device Company

Inspected July 28, 1919, on the Chicago, Rock Island & Pacific Rail-

way, near Blue Island, 111. One ramp was installed and one engine

equipped. A three-position relay controls the train apparatus to provide

proceed, caution, or stop indications. The three-position relay is controlled
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by the polarity of current on the ramp. A centrifugal governor provides

speed control that prevents exceeding a predetermined speed after receiv-

ing a brake application at the approach signal.

Clifford Automatic Train Stop Company

Inspected July 23, 1919, in the company's shop at Scranton, Pa.

Apparatus of full size was used for demonstration purposes. The road-

side apparatus included a movable trip rail, designed to be operated by

an electric motor, operating directly on a valve in the train contact

member. Speed control features were included whereby brake applica-

tions would be made at approach signals unless neutralized by the engine-

man by proper operation of the brake valve.

General Railway Signal Company

Inspected July 24, 1919, at the shops of the company in Rochester,

N. Y. This apparatus was part of that used in an extensive test installa-

tion on the New York Municipal Railways at Brooklyn, N. Y. Special

ramps were used to regulate the speed control feature. Depending on

the local conditions existing, different speeds were permitted which were

automatically adjusted by the ramps. A centrifugal governor operated

the necessary circuit closers that control the circuits through the different

devices. The device is designed so that no automatic application of the

brakes will be produced as long as the speed of the train is controlled

in accordance with the signal indications.

General Railway Signal Company

Inspected July 23 and September 29, 1919, at the laboratory of the

company in Rochester, N. Y. The roadside apparatus consists of coils

arranged around a U-shaped laminated core. The terminals of the coils

are joined through contact of relays in the signal circuit. The train

apparatus consists of similar coils designed to pass directly over the

roadside coils. The current in the train coils is greatly reduced when
the train coils come within range of the roadside coils, if the terminals

of the latter are not joined. An electron amplifier is used to vary the

current in a circuit of the train apparatus to produce the results desired.

No battery is required for the roadside apparatus. No speed control

features were used.

International Signal Company

Inspected June 6, 1919, in the company's office at New York, N. Y.

The apparatus examined had been used experimentally on the New York,

New Haven & Hartford Railroad. The air valve on the engine was
worked by direct contact between the engine shoe and the ramp. Speed

control features were used that would permit the engineman to release

the brake when the speed had been reduced to a predetermined rate.

A
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Miller Train Control Corporation

Inspected March 17, 20, 21, and 22, 1919. Apparatus exhibited in

Chicago was inspected and an inspection made of the installation on the

Chicago & Eastern Illinois Railway at Danville, 111. This installation is

on 106 miles of automatic-signaled double track and 72) engines are

equipped. The engine air valve is operated by direct contact between the

shoe and the ramp. No speed control is provided.

National Safety Appliance Company

Inspected May 5 and 6, 1919, at the company's shop at San Francisco,

Calif., and at the road installation at Oroville, Calif. Three roadside

magnets were installed at Oroville, on the Western Pacific Railroad,

and one engine equipped. The roadside apparatus consists of a perma-

nent magnet with neutralizing coils to give a proceed indication. The
train apparatus includes a permanent magnet that is influenced when it

passes over the unneutralized field of the roadside apparatus. No speed

control is provided.

Nevens-Wallace Train Control Company

Inspected September 8, 1919. Roadside apparatus was installed at

one location at Waltham, Mass., on the Boston & Maine Railroad, and

one engine equipped for development and demonstration purposes. The

roadside trip arm is operated by an electric motor controlled through

the automatic signal circuits. The train apparatus is operated by direct

contact of the train trip arm with the roadside trip arm. No electrical

circuits are used in connection with the train apparatus. A centrifugal

governor controls the train apparatus so that when the speed is at or

below a predetermined rate the engineman can prevent an automatic

application of the brakes or release them when they had been applied

automatically.

Schweyer Electric & Manufacturing Company

Inspected September 5, 1919. A test installation was located on the

Colebrookdale Branch of the Philadelphia & Reading Railroad. Six indi-

cation points were installed. They were controlled in different ways

through the track circuit, by switch in the station or by circuit controllers

on signals. The roadside apparatus consisted of a laminated steel ele-

ment to co-operate with the train apparatus to produce a stop, and a

short track section, controlled through the signal circuits, to work in

connection with insulated parts of the engine to give a proceed indication.

The train apparatus consisted of a choke coil suppHed with alternating

current from a generator on the train and also the necessary control

relays and valves. Speed control was provided.

Shadle Automatic Train Signal Company

Inspected July 11, 1919. Three ramps were installed on the Cincin-

nati, Indianapolis & Western Railroad near Indianapolis, Ind., and were
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connected with the automatic signal system. One engine was equipped.

Speed control features were included and were controlled by a specially

wound generator driven from the axle, which was designed to close the

circuit to the brake valve at a certain speed, permitting a de-energized

ramp to be passed, if circuit controllers were operated by the engineman

and fireman at the same time.

Sprague Safety Control and Signal Corporation

Inspected June 3, July 7, and September 10, 1919, at the company's

laboratory in New York, N. Y. Permanent magnets are used on the

roadside to produce approach and stop indications, and electro-magnets

to reset the train apparatus. Neutralizing coils are used to deflect the

magnetic field of the permanent magnets when conditions are proper to

proceed. The train apparatus includes pole pieces that attract an arma-

ture to break the train holding circuit when passing over the unneutralized

field of a permanent magnet. Speed control, based upon the speed of

the train and the braking effort, is provided. The device is designed so

"

that no automatic application of the brakes will be produced as long as

the speed of the train is controlled in accordance with the signal indi-

cations.

Union Switch & Signal Company

Inspected July 8, 1919, at the company's shop, Swissvale, Pa. The

operation depends on induced fields around the running rails in which

alternating current for the regular track circuit, and in addition an

alternating current in the same direction in both rails, with a line wire

return, are used. Two pairs of collecting coils are carried on the train

so as to always be in range of the induced fields. One pair of coils picks

up current due to the field created by the track circuit current and the

other pair picks up current due to the field created by the rail-line wire

circuit. Each pair of coils is connected to an electron tube amplifier,

the secondary circuits of which control a three-position, two-element,

alternating current relay. The polarity of either of the two roadside

circuits may be reversed to provide approach and proceed indications.

The absence of current in either or both circuits produces a stop indi-

cation. The device is designed so that no automatic application of the

brakes will be produced as long as the speed of the train is controlled

in accordance with the signal indications. A centrifugal governor controls

air valves to provide speed control.

B. F. Wooding

Certain parts of this device were examined in New York, N. Y., on

September 6, 1919. This device is of the same type as that tested on

the Delaware, Lackawanna & Western Railroad by the Bureau of Safety,

Interstate Commerce Commission, in 1917. The ramp is of special design,

having two hinged leaves that are forced apart by the shoe or knife

contact on the engine. At the same time the shoe is forced downward
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in a vertical plane, operating the contacts of the engine. Speed control

is provided by a special cam on the engine, operated in accordance with

the speed of the train when the engine shoe engages the ramp.

Willson-Weight Safety Appliance Company

Inspected May 1, 1919. This device is of the electrically controlled

mechanical trip type. The contact is made above the roof of the car by

contact with a glass tube on the car, and the roadside apparatus is oper-

ated by mechanical connection to the signal arm. Roadside apparatus

is installed for 24 stops on 29 miles of single track of the Washington

Water Power Co.'s electric lines, Spokane, Wash. No speed control is

used. Provision is made so that the roadside trip arm may be moved
from the stop to the proceed position by the train crew from the ground

when necessary to pass a signal in the stop position. After this operation

the trip arm assumes the stop position as soon as released.

These extracts do not show all the devices inspected by this com-

mittee, but were intended to show the standing of those given in the

"available" list which was based on the development of the devices at

the time of the inspections. No tests were conducted by this committee,

except such demonstrations as were made at the time of the various

inspections.

It is to be noted that of the 17 devices in the above list only 6 are

now being seriously considered by the carriers and of these all have been

changed quite materially, except the Miller. Three of these 6 were the

ramps which were mentioned in the Commission's first order, the Regan

Safety Devices Company having acquired the Casale patents and has

substantially changed the details of the device. The fundamental prin-

ciples of most of these, however, are the same as when they were examined

by the Railroad Administration Committee. None of the remaining ap-

parently have yet reached a stage where they could be considered for

actual installation at the present time, and one or two of them have been

definitely abandoned by the proprietors.

This committee presented the following classification of train control

devices, which was later adopted by the Committee of the American

Railway Association:

Classification of Train Control Devices

Character of

Control Class of Device Types of Device Symbol

1. Intermittent. A. Contact. 1. Plain Mechanical lAl
Trip. Ground or
overhead.

2. Electrically con- IA2
controlled Mechanical
Trip. Ground or
overhead.

3. Intermittent Electri- IA3
cal Contact.
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structions along the right of way or the roadside apparatus being struck

and deranged by train-carried obstructions.

Intermittent Character, Track Rail Contact Class (I-B)

This class requires no special contact element on either the road-

side or train, but uses the running rails of the track in lieu of a road-

side contact element and wheels of the engine in lieu of a train-contact

element. It has no characteristics common to other types of devices.

Intermittent Character, Non-Contact Class (I-C)

Since the development of the intermittent non-contact types has been

comparatively recent, the characteristics (which are largely ascertained

by experience) are not as well determined as with the contact types. The

following characteristics, however, are common:

1. Control of the train apparatus by the roadside apparatus becomes

effective when the two parts are in proper inductive or magnetic relation.

2. Considerable "air gap" is necessary as compared with devices com-

monly used in railroad signaling.

3. There being no overlapping of train and roadside apparatus,

the different elements can be kept within established clearance lines.

4. Improper operative conditions of roadside apparatus can not be

readily detected.

Continuous Character, Both Classes (II-A and II-B)

Some effort has been made to develop train control devices of the

continuous character, both of the contact and non-contact class. These are

designed to give an immediate indication on the train of any change in

operating conditions. As only a few devices have reached the stage of

practical development, no common characteristics can be stated, and such

individual characteristics as have been determined are given later in the

consideration of the individual types.

Plain Mechanical Trip Type (I-A-1)

The plain mechanical trip type has a train element which functions

with the contact element of the roadside apparatus. The roadside ap-

paratus may be placed either at the track level or at some point above it.

The train contacting element either directly controls the brake-applica-

tion valve or is mechanically connected thereto. The roadside contact

clement is movable so that it may be brought into range of the train

clement when a stop is to be produced. This operation is purely mechanical

and the controlling mechanism is remote from the roadside element. The

roadside contact element may be a movable trip making momentary con-

tact with the train contact element or it may be a movable trip rail.

The characteristics of this type are well known, since it represents

the earliest development in the art. Its limitations, however, have re-

stricted its use. The chief characteristics of this type, in addition to

those previously noted as common to its character and class are as follows

:
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1. Generally speaking, mechanical conncclions are positive in their

action.

2. The removal of essential parts is not readily detected.

3. Long mechanical connections may be required. These are gener-

ally impracticable.

4. With the roadside element located much above the track level

there is danger of injury to passengers and to employees whose duties

require them to ride on the sides or top of cars.

5. The roadside apparatus and the train apparatus are only in oper-

ative relation when a stop is to be produced by the device.

Electrically Controlled Mech.vnical Trip Type (I-A-2)

In the electrically controlled mechanical trip type the roadside ap-

paratus is controlled electrically, though the trip element itself may be

operated by some other power, such as compressed air. The train ap-

paratus may be of the same character as that used in the plain mechanical

trip type and may be similarly located, or it may be electrically controlled

so that when a circuit is broken by the contact of the train and the roadside

apparatus the brakes are applied.

The chief characteristics, in addition to those already noted as com-

mon to its character and class, are as follows:

1. The power by which it is controlled permits the roadside ap-

paratus to be placed a suitable distance from the point at which a stop

is to be made.

2. The roadside apparatus may l)e readily interconnected with the

signal system.

3. Electrical elements may be confined to the roadside apparatus

where they can readily be maintained.

4. The breakage or removal of certain essential parts can not readily

be detected.

5. In exposed locations there is danger that the trip clement will

l)c frozen in non-stop position.

Intermittent Electrical Contact Type (I-A-3)

The distinguishing feature of the intermittent electrical contact type,

commonly known as the "ramp" type, consists in the train apparatus being

put into operative condition at every indication point. This result may be

attained by direct operation of the contact elements themselves or through

electrical circuits controlled by the contact element. A necessary sequence

is that the train apparatus must be retained in the proceed position, if the

block is clear, by a circuit maintained through contact with the roadside

element while passing over it. The length of the ramp may vary con-

siderably, depending on the results to be accomplished while the train

element is in contact with it. The ramp is generally placed outside of

and parallel with the running rail.

This type has received relatively the greatest development, and a num-

ber of devices have been installed and tested, two now being in service
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operation on steam roads. There is a very little difference between the

devices of this type and jjiis is chiefly in the design of details. In some

devices the ramp is energized by a roadside battery. The control is

through circuits similar to those used in an automatic signal system. In

other devices the ramp is not energized by a roadside battery but energy is

supplied from a source on the train, the ramp in this case forming part

of a circuit between the train apparatus and the signal controlling ap-

paratus. The distinguishing feature of all these devices is a holding cir-

cuit for energizing the train element. This is a "stick" circuit so that when
the train element is once de-energized it can not be again energized unless

it be restored mechanically, or by means of secondary circuit through the

ramp or by a release switch. In all cases the train circuit will be broken

when the contact shoe passes over a ramp.

As extensive tests of this type have been made its characteristics are

well defined. In addition to those before noted as common to its char-

acter and class, the following characteristics are known.

1. The train circuit is broken every time a ramp is passed; a valu-

able self-checking feature is thus provided.

2. Few electrical elements are required on the train.

3. Electrical contact between the ramp and the train element is

subject to interference by snow, ice, sleet, frost, or other insulating

materials.

4. To secure effective electrical contact considerable pressure is

required between the train contact element and the ramp.

Insulated Truck, With Short Track Circuit Section, Type (I-B-1)

This type require? insulation between a truck and the engine or

tender and short track circuit sections located at the indication points.

In some devices the insulated joints in the two rails must be exactly

opposite while in others one joint must be located a given distance ahead

of the other. The circuit controlling the train relay is completed from

the insulated truck through the wheels and running rails to the other

part of the engine. When an indication point is reached the circuit

through the rails is interrupted by the insulated joints unless the joint

is electrically bridged by means of a loop circuit through the signal relay.

No roadside battery is required for the operation of the engine apparatus.

Some devices of this type have been tested to a limited extent. The

principal characteristics are as follows:

1. No roadside apparatus involving clearance problems is required.

2. No contact element is required on the engine.

3. Check circuits are necessary to detect failures of insulation.

4. Insulations that are sufficient for track circuit purposes may not

withstand voltages required on the engine.

5. A definite location of insulated joints is required.

6. Unbonded joints on sidings or in yards may produce a stop.

7. Poor contact between wheels and rails, due to sand or rust, will

produce an unnecessary stop.
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8. The short track circuit section must be incorporated in the signal

control circuits.

Induction Type (I-C-1)

In this type both permanent and electromagnets are used in the

roadside apparatus. The field of the permanent magnet is present to

cause the train apparatus to act except when conditions are proper

for the train to proceed, in which case the field of the permanent

magnet is deflected or neutralized by the electromagnet. The elec-

tromagnet is energized by a separate battery through one of the relays

of the usual signal system. The magnets employed in the roadside

apparatus are placed between the running rails of the track, as this

location better meets the clearance requirements of operation.

In principle the train element may be either a duplicate of the track

element or a receiving element of suitable form, through which the

train controlling apparatus is made operative.

As but one device of this type has been tested in service, compara-

tively little information is available concerning the practicability of its

operating features.

The chief characteristics of this type, in addition to those already

noted as common to its character and class, are as follows

:

1. Safe operation depends on the reliability of permanent magnets.

2. Generally speaking, clearance conditions require the permanent

magnets to be placed between the running rails of the track.

3. The electrical energy required to energize the electromagnet

used as a neutralizing element may prove to be excessive.

4. With the normal clear scheme of automatic stop control short

track circuit sections may be necessary at each indication point to

conserve current

5. On account of the location of. the roadside element between the

rails, and the necessity for its protection against damage, the diffi-

culty of track maintenance at roadside element locations will be increased.

6. Due to the small amount of energy transmitted through the

necessary air gap between the roadside and train elements, any parts

on the train that are to be operated by the magnetic field of the roadside

magnets must possess low inertia.

Induction Type With Inert Roadside Element (I-C-2)

This type employs a fixed and inert roadside element, which may
be placed either between or outside of the running rails of the track,

to reduce the flow of current in a coil on the train. This reduction

in the flow of current causes the brake controlling relay on the train

to open, thus applying the train brakes. No extensive road tests of

this type of device have thus far been conducted, and it is practically

in the laboratory stage of development.

In addition to those before noted as common to its character and

class, the following characteristics arc known

:
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1. No magnetic or electromagnetic energy is required at the road-

side element location.

2. The roadside apparatus may be readily installed at desirable

points.

3. The reduction of current flow produced on the train apparatus

by the inert roadside element is similar in its action to a shunt circuit.

4. The train apparatus may be influenced by metals on the roadbed.

5. Where the track element is connected with the signal system

it may be rendered inoperative by short circuit between connections.

Induction Type, Non-Magnetic Rail (I-C-3)

This type makes use of a rail of non-magnetic material, such as

manganese steel, inserted in the track at indication points. Onlj' very

limited tests of this type have been conducted and its characteristics

have not been fully determined. In addition to those before noted as

common to its character and class, the following characteristics are

known

:

1. No roadside apparatus in which clearance problems arc involved

is required.

2. Interference may exist when passing over manganese frogs and

crossings.

3. Introduction of rails of special material will be to some extent

objectionable.

Continuous Electrical Contact Type (II-A-1)

This type employs a continuous conductor. When placed at the

track level the conductor is usually in the form of a rail of lighter

section than the running rails of the track. In some devices of this

type the track rails are utilized as conductors. In normal operation

the train contact element must remai-n in constant engagement with

the roadside contact element. The train apparatus may be of the same

kind as that used in the intermittent electrical contact type. The chief

characteristics, in addition to those already noted as common to its

character and class, are as follows

:

1. The use of continuous conductor renders it possible to use cur-

rent at a higher voltage than is generally feasible with other contact-

type devices.

2. Contact must be maintained with the roadside conductor.

3. Special construction will be required at highway and railway

crossings, crossovers, turnouts, etc., to avoid breaks in the continuous

conductor.

4. Frost and dirt may cause interference with contact.

5. Introduction of special conductors along the roadside will be

objectionable.

Induction Type (II-B-1)

This type employs either the running rails of the track or special

conductors on the roadside. Some of the roadside and train elements
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required are dissimilar to those used in other types, such as the alter-

nating current track circuit and apparatus to amplify the current trans-

mitted to the train.

The following are the chief characteristics of the type so far as

known

:

1. Energy required in the roadside apparatus is comparatively

small in amount.

2. No roadside apparatus which interferes with clearance require-

ments is necessary,

3. Operation of the device is based directly on the track circuit.

4. The amplifying element proposed has not been subjected to

service tests and its reliability for the purpose intended has, therefore,

not yet been determined.

5. So far as known, this type requires the use of alternating cur-

rent in the track rails.

6. Its operation may be affected by location of insulated joints.

Wireless Type (II-B-2)

Some progress has been made in developing new methods of ap-

plying the wireless principle to the operation of an automatic train

control device. Practically all the work accomplished in this line has

been of a laboratory nature and definite information as to the results

attained is not available. The chief characteristic of this type are as

follows

:

1. A continuous conductor is required along the roadside.

2. Different frequencies are required for different tracks or

directions.

3. Special apparatus is required to produce current.

A. R. A. Committee

In October, 1920, the Joint Committee on Automatic Train Control

of the A.R.A. was organized and has been in operation since. Until

the hearings in 1922, the meetings were attended by the Chief of the

Bureau of Safety and members of his staff, although they were not

members of the Committee. After the order of 1922 was issued, the

attendance of the members of the Bureau of Safety was discontinued

and all co-operation with the Bureau of Safety was terminated on

January 31, 1923, by order of the Commission. The work of this

Committee has been similar to that of previous organizations and up

to the time of the termination of the co-operation with the Bureau
of Safety all work was done in common. In order to save duplica-

tion of work, examinations of plans submitted to either organization

were conducted by the Bureau of Safety and a report furnished the

Joint Committee. Reports of special importance were reviewed at a

committee meeting at which were present members of the Bureau of

Safety. The Joint Committee and the Bureau of Safety also co-operated

in making tests and observations of the following devices, only the

report on the Sprague device being published.
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American Train Control Corporation on the Chesapeake & Ohio Ry.

Miller Train Control Corporation on the Chicago & Eastern Illinois

Railway.

National Safety Appliance Company on the Southern Pacific Company.

Regan Safety Devices Company on the Chicago, Rock Island &
Pacific Ry.

Sprague Safety Control & Signal Corporation on the New York
Central R. R.

Tests

As referred to above, a number of tests have been made by the dif-

ferent organizations connected with automatic train control. Not all

the reports were published, but the conclusions of those reports that

have been made public, have been grouped together below

:

Rowrell-Potter Safety Stop.

Tested on C. B. & Q., near Aurora, III., in 1908 and 1909.

This device was of the plain mechanical trip type, and was peculiar

in that power for its operation was secured through the passage of

trains over a treadle which wound up a powerful spring. Signals of

the same character were provided in some of the installations.

In the tests, there were 31,013 automatic stop operations with 11

failures to stop the train, out of 222 cases when a stop should have

been produced.

The conclusions of the Board were as follows

:

"As regards the system taken as a whole, the Board con-

cludes that if the faults herein mentioned were remedied, and
it sees no reason why they should not be substantially over-

come, and if the apparatus were well inspected and maintained,

the system would be safe and reliable and its use would tend

materially to promote safety of operation on a railroad using

it. As to its economy, there is not sufficient data from which to

form a conclusion of any real value."

Harrington Train Control and Alarm.

Tested on Erie.

This device was of the plain mechanical trip type, with overhead

contact. There were 9 installations in the territory where the tests

were made and 16 engines were equipped.

Two hundred sixty-nine tests were made, 9 were failures and 4

gave unsatisfactory results.

The conclusions of the Board were as follows

:

"1. That the Harrington automatic train stop and alarm
should, if used, be operated either by reliable power devices,

such as are used to operate signals ; or by short, rugged, and
direct mechanical connection to manually operated levers.

2. That if the constructive faults hereinbefore mentioned
are remedied, and it sees no reason why they should not be sub-

stantially overcome, the system, with reasonable inspection and
maintenance, would be safe and reliable and its use would tend

materially to promote safety of operation on a railroad using it.
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3. That the expense to install and maintain it would appear
to be so small, in proportion to the losses which its use might
prevent, as to render desirable the encouragement of its develop-
ment and design to meet all service conditions."

Lacroix Train Control System.

Tested on Staten Island Rapid Transit Railway System in 1911.

This device was of the intermittent electrical contact type, with-

out speed control, but with visible and audible cab signals.

Six hundred forty-two tests were made, with 20 failures and 11

unsatisfactory operations, 11 were false clear failures, 3 of them being

due to foreign current in the track circuit and two to residual magnetism.

Other failures were due to foreign current, ice on ramp, improper ad-

justment, broken wires and key falling out of turbine connection. The
11 unsatisfactory operations were due to various causes, such as foreign

current, ice on ramp, poor adjustment of apparatus, etc.

The conclusions of the Board were as follows

:

"It is the conclusion of the Board that if the constructive
faults hereinbefore mentioned are remedied, and it sees no
reason why they should not be substantially overcome, the sys-

tem, with reasonable inspection and maintenance, would be safe
and reliable and its use would tend materially to promote safety
of operation on a railroad using it."

Railway Automatic Safety Appliance Company.

Tested on Pare Marquette, near Saginaw, Michigan, in 1911.

The device was of the mechanical trip type electrically controlled.

No speed control was shown.

Four hundred tests were made, 5 were failures and 11 were unsat-

isfactory. The first were caused by too weak a contact arm on the

engine or by too little force in the impact. The unsatisfactory opera-

tions were due to ice and too little force to impact. Some revised

apparatus was later tested on the Chesapeake Beach Railroad and the

Pennsylvania Railroad. The conclusions of the Board were as follows

:

"The system as a whole as installed for this test was com-
jiaratively simple, and none of the objections pointed out in it was
fundamental to the system. As a result of these tests it was the
conclusion of the Board that with the exception of the arrange-
ment of the counterweight of the track device it was reasonably
safe and that the Calhoim engine valve was designed on correct
principles, and if properly assembled in the system it was suit-

able for the purpose intended. The Garrett-Miller engine valve
was considered wholly unsuitable for the purpose intended, and
the manner of tripping the engine valve by means of a flexible

arm was not reliable; it was not believed that any engine valve
could be made to work satisfactorily by this means. As a whole,
the device as tested appeared to be capable of development so as
to perform the intended service properly, but as presented the

system was not considered satisfactory."

Gray-Thurber Automatic Train Control System.

Tested on Pittsburgh, Fort Wayne & Chicago Railway, near Pitts-

burgh, in 1912 and 1914.
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The device was of the insulated engine type, with short track cir-

cuit. A speedometer was used to prevent automatic stops when speed

was under 10 miles per hour. A cab light was used to show when the

apparatus was in service.

Five hundred sixteen tests were made, 17 of which were safe failures

and 97 were dangerous. In addition, 89 undesirable stops were made

outside the test territory due to wrong location of insulated joints (for

this system), poor track bonding and sand or rust on rails. The false

clear failures were due to reversal of battery polarity, poor insulated

joints, grounded engine, wiring, etc.

The conclusions of the Bureau of Safety were as follows

:

"(I) The system as installed and tested constitutes a ma-
terial improvement as compared with other arrangements of the

same system previously tested.

(II) With the installation of this system the following fea-

tures must be provided:

1. All insulated joints, except the opposite insulated joints

required at the entrance to each block section, must be staggered

a distance equal to the longest distance between front tender

wheels and rear locomotive wheels of all locomotives equipped

;

all other rail joints must be properly bonded.

2. Means must be provided to insure that track batteries will

not oppose detector batteries, and that the battery in the primary
engine circuit will always oppose the detector batteries.

(III) The system is deficient in the following respects:

1. The use of sand in starting trains will cause undesirable

stops of safe failures of the system unless the pick-up key is

held closed.

2. False-clear failures of the system may occur, due to (a) a

ground; (b) bridging the tender drawbar insulation, or an elec-

trical conductor from tender body or frame to car truck or steel

car in the train; (c) intermittent low resistance ground on short

insulated rail section; (d) intermittently broken-down insulated

joint; (e) foreign current in the track rails.

3. Protection against certain dangerous conditions and
against failures or defects of apparatus at one point is trans-

mitted to the signal location rear; if these conditions arose or

failures or defects occurred after an approaching train had
passed the entrance to the block section in rear, protection would
not be afforded in time to be of any avail.

The tests conducted have resulted in the accumulation of a

large amount of data which should be useful in further develop-

ment of the system. Such further development, however, cannot

properly be made by means of experimental tests with only one
locomotive and but few locations equipped, and covering but a

comparatively short period of time. Properly to develop a sys-

tem of this character to meet all the needs of actual service, it

should be installed and used for the purpose intended.

Notwithstanding the defects and deficiencies pointed out in

this report, the system in its present state of development, if

properly installed and maintained as an adjunct to a block-

signal system, would increase the safety of train operation."



Signals and Interlocking 337

American Train Control Company.

Tested on Maryland and Pennsylvania Railroad, near Baltimore,

Md., in 1914.

Analysis of the report of the test by the Bureau of Safety in 1915

showed that 1,822 tests were made, 1,712 indicating proper operation, 19

operations were unsatisfactory, 50 were safe failures and 41 were false

clear failures. A number of the safe failures were caused by broken

contact springs and others were due to ice on contact rails. The false

clear failures were due to bent connections, defective line circuits,

grounded engine circuits and defective engine circuits. The reset device

could be operated at any time. The tests indicated that sufficient snow
might pack around the shoe to cause false clear failures.

The conclusions of the Bureau of Safety were as follows

:

"As a result of the investigation of this system and the tests

conducted, it is believed that the train stop and cab signals system
is designed upon correct principles and that apparatus based upon
this design is capable of development to meet the requirements
of practical service. Upon the basis of data obtained in these
tests, it is believed that from the standpoint of safety the speed-
control system is not properly designed for the purpose intended."

Gollos Railway Signal Company.

Tested on Chicago, Burlington & Quincy, near Aurora, 111., in 1915

and 1916.

It w^as of the intermittent electrical contact tj'pe, without any special

features to distinguish it from its type. Speed control and cab signals

were used.

One thousand one hundred twenty-seven tests were made, of which 4

were false-clear, 42 safe and 74 unsatisfactory. The false-clear failures

were due to ramp voltage variation. The safe failures were due to im-

proper location (for this device), of insulated joints, track circuits and
battery trouble, governor defects, and poor ramp contact.

The conclusions of the Bureau of Safety were as follows

:

"In general, this system is based upon correct principles, but
the tests demonstrated that further development is necessary, par-
ticularly with reference to the detail construction and arrangement
of certain parts of the apparatus."

Following the second series of tests the conclusions were

:

"The recording device is considered entirely inadequate for
the purpose intended.

While certain of the objectionable features embraced in the
apparatus at first tested have been eliminated or corrected, the
conditions under which the supplementary tests were made re-

sulted in such an unsatisfactory record that the revised system
in its present form can not be recommended. However, the poor
performance record was a direct result of details of construction
and lack of proper preliminary development tests and maintenance
work by the proprietor, rather than the result of any inherent or
fundamental defect embraced in the system. The api)aratus, par-
ticularl}' ihc gnvcrnnr, should be developed to a much more
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advanced condition of reliability before being given further con-
sideration.

Such tests as have been made under snow and ice conditions
vi^ere not at all conclusive, and no opinion can be expressed at the
present time regarding the reliability, under such conditions, of
the method employed in this system of making electrical contact
between track and engine apparatus."

Wooding Train Control System.

Tested on Delaware, Lackawanna & Western, between Hoboken and

Newark, N. J., in 1915 and 1917.

An analysis of the report of the test of the Wooding device showed

that the first series of test merely demonstrated that the apparatus was
neither properly designed nor constructed. The second series comprised

880 tests, of which 871 showed proper operation and 9 indicated failures

due to defective apparatus, open circuit breaker on a ramp, cracked battery

jar, etc.

The conclusions of the Bureau of Safety were as follows

:

"The design of the electric circuits employed in this system is

fundamentally sound, this system being substantially similar in

that respect to other systems of the same character which have
heretofore been tested.

The forms of contact shoe and ramp employed in this system
provide good electrical contact, which was not interfered with by
snow and ice under the comparatively mild winter-weather con-
ditions surrounding the tests, and there was a notable lack of

shock or vibration upon engagement of contact shoe and ramps.
If properly constructed and installed, the automatic-stop ap-

paratus could no doubt be developed to meet the needs of any rail-

road company desiring to employ an automatic train-stop system
of the ramp type.

The mechanical construction of the speed-control apparatus
employed in the tests was so crude, and the records of its opera-
tion at the low, critical speeds are so meager, that no positive

opinion can be arrived at concerning the practical utility of this

form of speed control device or the principles embodied therein."

National Safety Appliance Company.

Tested on Western Pacific Railway, at Oroville, California, and South-

ern Pacific.

An analysis of the report showed that 1,636 tests were made on the

Oroville, California, Installation, besides 39 tests at the different speeds

on one track magnet on the Southern Pacific Railroad near Sacramento.

In the first series, there were 1,534 proper operations and 38 unsatisfactory

operations, of which 29 were caused by an engine shoving its train, and

the remainder were due to improper installation. There were 28 safe

failures, of which 10 were due to too short a time interval in passing

over the short track section, 16 to too powerful a field in its permanent

magnets and two unknown. Thirty-six false-clear failures were recorded,

the greater number probably due to too high a speed for the strength of

the track magnet. The 39 tests near Sacramento, at speed from 5 to 80

miles per hour, all showed satisfactory operation.
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The conclusions of the Bureau of Safety were as follows:

"While as a whole the tests made are not considered con-
clusive, it has been demonstrated that, with the exception of one
of the locomotive-control valves used in the tests, the locomotive
apparatus, so far as could be determined, operated as intended,
and whenever actuated by the track-magnet impulse it accom-
plished the functions for which it was designed ; further, that the

transmission of a magnetic impulse from a permanent magnet
installed on the track to locomotive apparatus designed to be con-
trolled and actuated thereby is both practical and feasible. The
fundamental principles upon which this system is based have there-

fore been demonstrated to be sound and practicable, but the avail-

able working limits, as well as the reliability of the transmission
and control of the actuating impulse, remain to be fully established.

For these purposes further development work, as well as more
extended trials under practical service conditions, is necessary.

Among the features requiring further attention are the selec-

tion and use of track magnets of proper characteristics and com-
position for the service required and the proper proportion and
operative relation of electromagnet, track magnet, and locomo-
tive-control valve magnet must be definitely determined ; the avail-

able working limits, with respect particularly to rates of speed,

must be definitely ascertained, and a liberal margin of safety
must be assured. Data should also be required as to the reten-

tivity of the magnets to be used and their dependable working
life under service conditions.

The tests thus far made, records of which are available,

should be of material assistance and value to the proprietors of
this system in its further development and in adapting its prin-

ciples to the conditions and requirements of practical railroad

service.

In view of the results obtained under the conditions surround-
ing these tests, it would appear that this device has such inherent
merit that a more extensive installation should be made where
the real value of this system can be more fully demonstrated."

Sprague Safety Control & Signal Corporation.

Tested on New York Central in 1922 and 1923. This test was made
jointly by the Bureau of Safety and the Joint Committee of the A.R.A.,

and the conclusions as printed by the I.C.C. were as follows

:

"While, as a whole, the observations and service tests made
are not considered conclusive, it has been demonstrated that a
magnetic impulse can be transmitted in electrified territory from
permanent track magnets to the locomotive regardless of speed,
oscillation, or weather conditions, and that such impulse will

actuate the locomotive apparatus to provide automatic brake
application in a practical manner.

In view of the results obtained under the conditions surround-
ing these tests, the conclusion, is warranted that this device has
such inherent merit that a more extensive installation should be
made where the real value of this system can be more fully

demonstrated.
Train Control Orders

Section 26 of the Transportation Act amended in 1920 has the fol-

lowing clause regarding the question of automatic train control

:

"Sec, 26 (added February 28, 1920). That the Commission
may, after investigation, order any carrier by railroad subject to
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this Act, within a time specified in the order, to install automatic
train-stop or train-control devices or other safety devices, which
comply with the specifications and requirements prescribed by
the Commission, upon the whole or any part of its railroad, such
order to be issued and published at least two years before the

date specified for its fulfillment; Provided, That a carrier shall

not be held to be negligent because of its failure to install such
devices upon a portion of its railroad not included in the order;
and any action arising because of an accident happening upon such
portion of its railroad shall be determined without consideration
of the use of such devices upon another portion of its railroad.

Any common carrier which refuses or neglects to comply with
any order of the Commission made under the authority con-
ferred by this section shall be liable to a penalty of $100 for

each day such refusal or neglect continues, which shall accrue
to the United States, and may be recovered in a civil action
brought by the United States."

No definite action was taken on this other than work done in the

co-operation of the Bureau of Safety of the Interstate Commerce Com-
mission until January, 1922, when a tentative order was issued citing

forty-nine carriers to show cause why they should not be called upon

to install automatic train control. Following this, hearings were held

in March and April, 1922, at which those carriers presented their cases,

and a number of the train control inventors and proprietors also made
statements. After an analysis of the testimony taken, the Commission

on June 13, 1922, issued a permanent order requiring train control to be

installed on forty-nine roads named in the tentative order on or before

January 1, 1925. This order contained provisions for filing plans and

general requirements, as well as arguments supporting the action of the

Commission.

Following the receipt of the permanent order, each carrier took

steps towards selecting a suitable device for its needs, and committees

were organized on practically all roads to actively take up the investiga-

tions. The information compiled by the Committee on Automatic Train

Control of the American Railway Association was used freely. At the

present time over 75 per cent of the carriers have indicated their prefer-

ence ; this includes the three who had the ramp type in service or on trial.

About half have adopted some form of continuous system and a few

less have adopted an intermittent induction system. A number of these

roads are actively going ahead with the work, while others have as yet

progressed only to the extent of preparing plans and specifications.

None of the installations on the permanent territories have been com-

pleted, although short sections on the Chicago & Alton, Missouri Pacific

and St. Louis-San Francisco have been in operation for several months.

The Pennsylvania Railroad has 45 miles of continuous in operation on

the Lewistown Branch and the Chicago & North Western about 12 miles

of intermittent on a branch line, but neither installation is on the desig-

nated territory.

On January 14, 1924, a second order was issued by the Interstate

Commerce Commission requiring the installation of automatic train con-

trol on ninety-two carriers, forty-seven of which were in the original
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order and forty-five were new roads. Of the latter three have been

exempted on individual application. A petition shown as Exhibit "A"
was filed before the Commission asking for a rehearing, in the matter

of automatic train control, but was denied except as to respect of the

forty-two new carriers. These hearings started on May 7th and lasted

until the 17th, inclusive. At this time additional testimony was presented

by the Committee of Railway Executives showing the lack of develop-

ment of different devices and that more time was required to properly

develop devices which had merit but which were not yet ready for exten-

sive installations. The proprietors also presented testimony along the

lines of the first hearing. In the closing argument the carriers presented

a definite procedure, particularly for carrying on tests under the auspices

of the Commission. This is shown as Exhibit "B." On account of

these hearings and the desire of the carriers to wait for the decision of

the Commission, not a great deal of development has been shown in the

preparation for the actual installation called for in the second order.

Analysis of Accidents

It seems obvious that the only true measure of the necessity of auto-

matic train control is the record of accidents. Until other means that

are known to be effective have been adopted for preventing accidents,

an expenditure of money for new devices seems to be illogical. The
Bureau of Safety of the Interstate Commerce Commission has investi-

gated accidents for a number of years, this work being started in 1911.

During that time 614 collisions have been investigated which it is believed

to be the only class preventable by train control. Earlier in this report

the possibilities of train control have been referred to, but it is found
that many collisions cannot be prevented by systems of train control now
proposed and it seems impossible that the time ever will come when all

coUisions can be averted. Such collisions as are due to failure of the

air brakes, runaway trains, interference with the air brake system, etc.,

will not be prevented by train control. The Committee on Automatic
Train Control of the American Railway Association has been engaged in

analyzing accidents reported by the Interstate Commerce Commission,
but it is a task of magnitude and conclusions have not been reached. To
indicate, however, the results that are being obtained, it is noted that of

the 119 accidents investigated by the Bureau of Safety and referred to in

the tentative order of June 13, 1922, 21 are believed to be non-prevent-

able by train control and 7 were accidents on interurban and electric

lines. In other words, about 25 per cent, of the head-on and rear-end

coUisions were not preventable by train control. , Full conclusions can
only be reached when the analysis is finished, at which time the informa-
tion can undoubtedly be secured through the Committee on Automatic
Train Control.

Operating Results

At the present time there are four installations of some magnitude in

service. These include the three mentioned above together with a 4S-mile
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installation of the Union Switch & Signal Company's device on the

Lewistown Branch of the Pennsylvania Railroad, which was put in for

the purpose of development. This latter involves not only the train con-

trol features but operation without wayside signals and some other

modifications of operating, practices which have not before been tried

out. The Commission has refused to inspect this installation and no

official test has been made.

Approvals

At the time of the issuance of the order of June 13, 1923, three

devices were in operation either in tests or actual service. These were

the American, on the Chesapeake & Ohio ; the Miller, on the Chicago &
Eastern Illinois Railway, and the Regan, on the Chicago, Rock Island &
Pacific Railway. The first two devices have never had an official inspec-

tion for the purpose of approval under the terms of Order 13413, al-

though joint observations of the operation were made by the Bureau

of Safety and Joint Committee of the American Railway Association.

The Commission, under date of January 27, 1923, issued the follow-

ing Order

:

"Upon further consideration of the record in this proceeding
and of our order entered herein on June 13, 1922, and of the

petition filed by the Chicago & Eastern Illinois Railway Company
for a modification of the specifications and requirements pre-

scribed in said order so as to permit petitioner to use permissive
or manually operated control of the automatic train-stop device

now installed upon its road

;

It is ordered, That the said petition be, and it is hereby,

denied."

While this device had been in service on the Chicago & Eastern

Illinois Railway for approximately 11 years and was one quoted in the

original order as an example of perfected devices, this order effectually

prevented the Chicago & Eastern Illinois Railway from offering this

device in fulfillment of order of June 13, 1922, in respect to that road.

Since then, however the Miller Company has made some modifications

by which the release button is put outside of the cab, which arrangement

has been tentatively approved by the Commission, although the ap-

paratus has not been inspected on the ground.

The Regan device was completed, so far as track work was con-

cerned, in the early part of November, 1923, and in December an official

inspection was made by representatives of the Bureau of Safety, although

only 40 per cent of the engines were then equipped.

An order was entered under date of December 17, 1923, which is

attached in full as Exhibit "C."

A list of articles on automatic train control which have appeared

in some of the railroad periodicals during the recent years, many of

which are well illustrated and give detailed descriptions of the devices

concerned, is attached as Exhibit "D." Attention is called to the very

complete bibliography on train control published in the March, 1924,

"Railway Signaling." .
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Exhibit A

BEFORE THE INTERSTATE COMMERCE COMMISSION IN

THE MATTER OF AUTOMATIC TRAIN CONTROL DEVICES

DOCKET NO. 13413

To the Honorable, The Interstate Commerce Commission:

Come now your petitioners, in behalf of the carriers hereinafter

named, and respectfully show:

(I) That each of the carriers hereinafter named is a common car-

rier by railroad, subject to the provisions of the Interstate Commerce
Act.

(II) That Section 26 of Said Act provides as follows:

"Sec. 26. That the Commission may, after investigation,
order any carrier by railroad subject to this Act, within a time
specified in the order, to install automatic train-stop or train-

control devices or other safety devices, which comply with speci-

fications and requirements prescribed by the Commission, upon
the whole or any part of its railroad, such order to be issued and
published at least two years before the date specified for its ful-

fillment : Provided, That a carrier shall not be held to be negligent
because of its failure to install such devices upon a portion of
its railroad not included in the order; and any action arising
because of an accident happening upon such portion of its rail-

road shall be determined without consideration of the use of
such devices, upon another portion of its railroad. Any common
carrier which refuses or neglects to comply with any order of the
Commission made under the authority conferred by this section
shall be liable to a penalty of $100 for each day that such refusal
or neglect continues, which shall accrue to the United States, and
may be recovered in a civil action brought to the United States."

(III) That heretofore, and on the 10th day of January, 1922, the

Interstate Commerce Commission made its certain report and order,

addressed to the following can-iers : The Atchison, Topeka & Santa Fe
Railway Company; Atlantic Coast Line Railroad Compan)'; The Balti-

more & Ohio Railroad Company ; Boston & Albany Railroad Company
(The New York Central Railroad Company, Lessee) : Boston & Maine
Railroad; Buffalo, Rochester & Pittsburgh Railway Company; The Ce,n-

tral Railroad Company of New Jersey; The Chesapeake & Ohio Rail-

way Company; The Chicago & Alton Railroad Compau}'; Chicago &
Eastern Illinois Railway Company ; The Chicago & Eric Railroad Com-
pany; Chicago & Northwestern Railway Company; Chicago, Burlington

& Quincy Railroad Company; Chicago, Indianapolis & Louisville Rail-

way Company ; Chicago, Milwaukee & St. Paul Railway Company ; The
Chicago, Rock Island & Pacific Railway Company; Chicago, .St. Paul,

Minneapolis & Omaha Railway Company; The Cincinnati, New Orleans

& Texas Pacific Railway Company; The Cleveland, Cincinnati, Chicago

& St. Louis Railway Company ; The Delaware & Hudson Company ; The
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Delaware, Lackawanna & Western Railroad Company; Erie Railroad

Company; The Galveston, Harrisburg & San Antonio Railway Company;
The Great Northern Railway Company; Illinois Central Railroad Com-
pany; The Kansas City Southern Railway Company; Lehigh Valley Rail-

road Company; The Long Island Railroad Company; Louisville & Nash-

ville Railroad Company; The Michigan Central Railroad Company;
Missouri Pacific Railroad Company; The New York Central Railroad

Company; The New York, Chicago & St. Louis Railroad Company; The
New York, New Haven & Hartford Railroad Company; Norfolk &
Western Railway Company; Northern Pacific Railway Company; Oregon-

Washington Railroad & Navigation Company; The Pennsylvania Rail-

road Company; Pere Marquette Railway Company; Philadelphia & Read-

ing Railway Company; The Pittsburgh & Lake Erie Railroad Company;
The Pittsburgh, Cincinnati, Chicago & St. Louis Railroad Company

;

Richmond, Fredericksburg & Potomac Railroad Company; St. Louis-San

Francisco Railway Company; Southern Pacific Company; Southern Rail-

way Company; Union Pacific Railroad Company; West Jersey & Sea-

shore Railroad Company; Western Maryland Railway Company, and

served upon each of said companies, wherein it was recited that pursuant

to the provisions of Section 26 of said Act, the Commission had in-

vestigated the subject of automatic train control and had adopted defini-

tions, functions, requirements and specifications, and whereby it was

ordered that the carriers therein named should show cause, upon a day

named therein, why the said report should not be adopted, and, in effect,

why the said carriers should not be ordered to install, upon a portion of

the line or lines of each of said carriers, an automatic train control on

or before a date named in said order. That thereafter the Commission

entered upon a hearing, and on the 22nd day of June, 1922, made its cer-

tain order whereby it directed each of the carriers named therein, being

the same parties to whom the said order was addressed and upon whom
it had been served, to install, upon a full locomotive division of each

of said carriers, an automatic train control which must conform to speci-

fications set forth in said order as the specifications prescribed and proper

for such train control. And it was further ordered that each of such

carriers must, on or before January 1, 1923, select the division upon which

such train control was to be installed, file with the Commission, on or

before that date, full signal plans of such division and a statement of the

number of locomotives used thereon; must then select the device to be

installed, and proceed, without unnecessary delay, to install the same, and

complete such installation by the 1st day of January, 1925; and that

each of such installations must, when completed, be subject to the inspec-

tion and approval of the Commission. And it was further provided in

said order that each of said carriers must, after the 1st day of January,

1923, file with the Commission monthly reports of the progress made in

such installation.

(IV) That thereafter each of the carriers, parties to this petition,

filed with the Commission the signal plans, if any there were, of the
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divisions selected for such installations, statements of the number of

locomotives in use upon such divisions, and prepared to carry out the

other provisions of the order, in the selection of the device, or tj'pe of

device, for use by each, and in such experimentation and study as would

enable each of such carriers to make such a selection as would comply

with the provisions of the order and as would be best suited to the needs

and conditions of each carrier. That a very large number of automatic

train control devices, or alleged automatic train control devices, have

been invented; that a large number have been actually tested by small

installations upon the lines of different carriers, both before and since

June 22, 1922, the date of said order, but that no train control device

has yet been installed, either upon a large or a small scale, which can

properly be said to be more than an experiment; that the differences in

design of the many devices which have been invented or tested, with the

fact that none of such devices is interchangeable with any other; that it

cannot be ascertained that, in the opinion of the Commission, any of such

devices, with possibly one exception, will meet with the approval of the

Commission if installed, and that delays and difficulties in the delivery

of materials have occurred and will occur, have caused unavoidable delays

in the compliance with the terms of said order; so that, although many
contracts have been made for such installations, other contracts are on

the point of being made, and installations, in many cases, are actually in

course of being made, many installations, that are now being made, or

that will be made, will not be completed by January 1, 1925; that very

large expenditures, amounting to many millions of dollars, have been

made or will be made upon such installations, and that it is uncertain

whether, when such installations have been completed, they will be ap-

proved by the Commission as complying with its specifications either in

design or in installation, or whether any of such devices will fulfill the

purpose for which they are intended, or, in regular and daily operation,

function in such a way as to be a source of safety rather than a source

of danger.

(V) That the installation of train control, as directed by the said

order of June 22, 1922, will involve the carriers named in said order

in the expenditure of many millions of dollars, the exact amount whereof

cannot with accuracy be ascertained, adding largely to the expenditures

upon road and equipment from which no return will be received and

adding largely to the m.aintenance costs of each of said carriers whereby
operating costs will be increased and the rate of the net returns to such

carriers will be proportionately decreased.

(VI) That on the 14th day of January, 1924, the Commission made
a further order herein, whereby it directed each of the carriers named
in the said order of June 22, 1922, with two exceptions, to install a train

control upon an additional division on or before February 1, 1926, and

to select such division and file with the Commission the signal plans

thereof and a statement of the number of locomotives used thereon on
or before May 1, 1924, such order containing specifications and directions
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as to reports of progress and as to approval by the Commission similar

to those contained in the order of June 22, 1922, and, in addition, requiring

the installation of an automatic train control upon a division of each of

forty-five other carriers, therein named and parties hereto, with the same
requirements as to installation, time of installation, approval, and all other

matters, as were applied to the forty-nine carriers named in the order

of June 22, 1922, and again in the order of- January 14, 1924.

(VII) That, as above set forth, no full installations, with possibly

one exception, have been made under the order of June 22, 1922, and

it is not known, and will not be known for a long period of time, what

the result of the operation of train control devices upon an extensive

scale will be. It is not known, and will not be known until the com-

pletion of the several installations for which contracts have been made
or are about to be made, whether such installations will or will not be

approved by the Commission, or whether the devices, or types of devices,

selected and installed, will be approved by the Commission or its repre-

sentatives as meeting the specifications contained in said orders. That

compliance with the said order of January 14, 1924, will involve those

carriers named in the order of June 22, 1922, who are parties hereto,

in the expenditure of many millions of dollars, with no return ; that said

expenditure will add largely to the investment in the property of each

said cari'iers used in the service of transportation and that no return will

be received upon such additional investment, but that the addition to the

investment in its property will have the effect of decreasing the return

now received, and, in addition thereto, the cost of maintenance of said

installations will be very great, and that as no revenue will be received

on account of such investment the only way in which such decrease can

be made is by an increase in the passenger rates, or the freight rates,

or both, of the several carriers, and that no provision has as yet been

made for such increase, or for determining what the percentage of such

increase shall be ; and that said expenditure will result in no assurance

of the securing of additional safety in the operation of the railroads of

such carriers, but will involve the possibility of added danger to such

operation of the railroads by reason of the installation and operation of

such devices.

(VIII) That the order of January 10, 1922, above referred to, was

addressed to the carriers named in the third paragraph or subdivision

of this petition, and served upon such carriers, and that those carriers

are the only parties to this proceeding. Docket No. 13413. That the

additional carriers named in the Commission's order of January 14, 1924,

had no notice of this proceeding, no notice of the intention of the Com-
mission to make said order, and that said order was made without a

hearing either by the carriers parties to the order of January 10, 1922, or

by the additional carriers.

That many of such last named carriers are carriers by railroad

with small traffic, with small net revenues, or no net revenues, with

infrequent trains, both freight and passenger, and with no installations
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of automatic signals. That upon such lines no necessity exists for the

installation of automatic signals, or of automatic train control, for the

reason that traffic upon such lines is so light that no additional safety

in the operation thereof would be attained by the installation of either.

That the expense to many of such lines of the installation of train control,

even upon a single division, is so great in proportion to their revenues,

either gross or net, if there be any net, as to bring such roads perilously

near bankruptcy, and that upon many of such roads the need is not for

the installation of train control, but for capital to make needed improve-

ments.

That the requirement for the installation of train control and for

approval of such installation by the Commission, after completion thereof,

deprives the carriers named and each of them of the power of deciding

whether such installation should be made, where such installation should

be made, and how such installation should be made in such a way as to

suit the needs of each particular carrier.

Wherefore, your petitioners pray:

(I) That this proceeding be re-opened, and a re-hearing granted

before the full Commission, to the end that the order of June 22, 1922,

be amended by:

1. Extending the time for compliance therewith to January 1, 1926.

2. Reducing excessive duplication of installations of the same device

at great capital expense until further experience and experimentation has

solved the question of interchangeability and effect on capacity of moving
traffic, as well as the further development of the appliances from the

present experimental stage.

3. Striking out from said order the provisions for approval, by the

Commission or its representatives, of each installation when completed.

• And your petitioners further pray:

4. For a re-opening of this proceeding and for a re-hearing before

the full Commission respecting the order of January 14, 1924, to the end
that the said order may be annulled.

Respectfully submitted on behalf of the following carriers in the

Eastern, Southern and Western Regions by the undersigned duly appointed

committee

:

For the Eastern Carriers :

For the Southern Carriers:

For the Western Carriers :

(Signed) Samuel Rea.

(Signed) W. J. Haralian,

Per R. N. Bcgien.

(Signed) N. D. Maher.

(Signed) W. L. Mapother.

(Signed) Ralph Budd.

(Signed) L. W. Baldwin.
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Atchison, Topeka & Santa Fe Railway Company.
Atkintic Coast Line Railroad Company.
Baltimore & Ohio Railroad Company.
Bangor & Aroostook Railroad Company.
Bessemer & Lake Erie Railroad Company.
Boston & Albany Railroad Company.
Boston & Maine Railroad.

Buffalo, Rochester & Pittsburgh Railway Company.
Carolina, Clinchfield & Ohio Railway Company.
Central New England Railway Company.
Central of Georgia Railway Company.
The Central Railroad Company of New Jersey.

Charleston & Western Carolina Railway Company.
Chesapeake & Ohio Railway Company.
Chicago & Alton Railroad Company.
Chicago & Eastern Illinois Railway Company.
Chicago & Erie Railroad Company.
Chicago & North Western Railway Company.
Chicago, Burlington & Quincy Railroad Company.
Chicago, Indianapolis & Louisville Railway Company.
Chicago, Milwaukee & St. Paul Railway Company.
Chicago, St. Paul, Minneapolis & Omaha Railway Company.

Cleveland, Cincinnati, Chicago & St. Louis Railway Company
Colorado & Southern Railway Company.
The Delaware & Hudson Company.
Delaware, Lackawanna & Western Railroad Company.
Denver & Rio Grande Western Railroad Company.
El Paso & Southwestern Railroad Company.
Erie Railroad Company.
Florida East Coast Railway Company.
Fort Worth & Denver City Railway Company.
Grand Trunk Western Railway Company.
Galveston, Harrisburg & San Antonio Railway Company.

Great Northern Railway Company.
Gulf & Ship Island Railroad Company.
Gulf, Colorado & Santa Fc Railway Company.
Gulf, Mobile & Northern Railroad Company.
Hocking Valley Railway Company.
Houston & Texas Central Railroad Company.
Illinois Central Railroad Company.
International-Great Northern Railway Company.
The Kansas City Southern Railway Company.
Kansas, Oklahoma & Gulf Railway Company.
Lehigh & New England Railroad Company.
Lehigh Valley Railroad Company.
The Long Island Railroad Company.
Louisville & Nashville Railroad Company.
Louisiana & Arkansas Railway Company.
Louisiana Western Railroad Company.
Louisville, Henderson & St. Louis Railway Company.
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Exhibit B

PROPOSAL FOR TESTS MADE BY THE CARRIERS BEFORE
THE INTERSTATE COMMERCE COMMISSION.

MAY 7 TO 17, 1924.

We suggest that a joint committee composed of representatives of

the Commission and of the carriers be appointed to decide upon and

select such additional train control and stop devices for test purposes

as the joint committee by a majority vote may select as being substantially

within the requisites of the Commission and v^'orthy of a practical test,

and that any member of this joint committee dissenting from the judg-

ment of the majority be required to state in concrete and. specific language

his dissenting view as to any tj'pe of device selected by a majority of

the committee for test.

That this joint committee, working imder the supervision of the

Commission and of the carriers, will be authorized on behalf of the

Commission and the carriers to employ, appoint and assign competent

observers with the devices selected for test. These observers to submit

full and complete reports to the Commission and the carriers covering

the performance of the devices under observation and their views, con-

clusions and recommendations.

That the provisions of the second order of the Commission, dated

January 14, 1924, be vacated and set aside and that the provisions of

the first order be ampUfied as follows

:

(a) That the time for the installation of devices prescribed

by the said order as January 1, 1925, be extended to January 1, 1926,

and that the installations already made or to be made under said

order be subject to inspection and approval by the above committee
when an installation of at least 10 miles of road and 10 locomotives
has been made and that complete installation thereof be dependent
upon the report of the joint committee and the approval of the

Commission.
(b) That paragraph (lb) under Provisions, covering automatic

stops as recommended by the joint committee of the Commission
and the American Railway Association reading as follows : "b.

Under control of engineman, who may, if alert, forestall automatic
brake application and proceed," be restored without restrictions and
without prejudice to the rights of the Commission to withdraw its

approval should future experience warrant this course, and that

provision (lb) be made retroactive so as to include installations

made under the first order dated June 13, 1922.

(c) That test areas and units for the new or additional devices

recommended by the joint committee should be limited to a maximum
of about 10 miles of road and 10 locomotives for each device subject

to agreement as to terms, etc., between the joint committee and the

individual carrier.

These suggestions are made for the consideration of the Commission

and are intended to be without prejudice to the rights of the individual

carrier to seek by agreement with the Commission or otherwise other

modifications of the order which may be deemed necessary or desirable

to meet special or peculiar situations.
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Exhibit C

INTERSTATE COMMERCE COMMISSION.

No. 13413.

IN THE MATTER OF AUTOMATIC TRAIN-

CONTROL DEVICES.

No. 13413—Sub No. 1.

In the Matter of the Automatic Train-Control Device of the Regan

Safety Devices Company, Inc., on the Chicago, Rock Island &
Pacific Railway Company.

Inspection Completed November 30, 1923. Decided December 17, 1923.

1. Device as installed found to meet all the requirements of our speci-

fications and order. Installation approved except as indicated.

2. Requirements as to inspection, tests and maintenance established.

3. Certain recommendations made, with respect to the signal system,

which the railroad company will be expected promptly to carry

into eflfect.

No appearances.

REPORT OF THE COMMISSION.

Division 1.

Commissioners McChord, Esch and McManamy.

By Division 1:

This report is made after inspection and test of the automatic train-

control device of the Regan Safety Devices Company, Inc., now installed

upon the Chicago, Rock Island & Pacific Company, hereinafter referred

to as the Rock Island. In Automatic Train-Control Devices, 69 I. C. C.

258, a proceeding instituted under section 26 of the Interstate Commerce
act and decided June 13, 1922, we required 49 carriers by railroad therein

named, including the Rock Island, to install automatic train stop or train

control devices on portions of their respective roads, designated in the

order, in accordance with specifications and requirements prescribed by us.

The installation consists of an automatic train-control device of

the intermittent electrical contact type. This device was first placed in

service in March, 1920, on the Rock Island, between Blue Island and

Jolict, Illinois, a distance of 22.6 miles of double track road. The installa-

tion consisted of 20 equipped locomotives with 34 roadside ramps operat-

ing in connection with 32 automatic signals.
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From May, 1921, to March, 1922, this installation was under con-

tinuous observation by our bureau of safety and the American Railway

Association.

Under date of February 24, 1922, we were advised by the Rock
Island that the device had been in service between Blue Island and Joliet,

Illinois, for about two years and had done what its owners claimed for

it, and that, at a meeting of the directors on February 21, 1922, the

officers of the road recommended and the board of directors authorized

and directed, upon approval by us of plans and specifications thereof,

the extension of the automatic train-control installation from Joliet to

Rock Island, Illinois.

Under date of May 4, 1922, the Rock Island advised us that it was

ready to install automatic train control on its Illinois division between

Joliet, Illinois, and Rock Island, Illinois, and transmitted in duplicate

plans of the signal system in operation on this division, together with

plans of the engine and circuits of the automatic train-control device of

the Regan Safety Devices Company, Inc., and other information per-

taining to the extension of the installation from Joliet to Rock Island,

Illinois, with the request that the plans and information furnished be

approved.

Under date of May 10, 1922, the Commission approved the extension

of this train control system to Rock Island, a distance of 142 miles of

double track. The installation was completed and placed in service on

November 1, 1923, thus making a continuous installation between Blue

Island and Rock Island, Illinois, a distance of 165.4 miles of road, or

330.8 miles of track.

The roadside apparatus consists of a ramp located at each signal

with the necessary wiring for connecting the train-control system with

the automatic signal system; each ramp is provided with a ramp dis-

placement device through which is carried the control wire for the next

signal in the rear in such a manner that any displacement of a ramp
is intended to open the circuit and cause the signal in the rear to assume
the stop position.

The locomotive apparatus consists of the following:

1. A speed circuit controller of the centrifugal type, the electrical

contacts of which are set for speeds in accordance with the railroad

company's requirements.

2. An electro-pneumatic brake valve with exhaust control valve and
air capacity chamber which is interposed directly in the air supply line

between main reservoir and the engineman's brake valve. It is also pro-

vided with a connection to the brake pipe. When the electro-magnet of

this device is energized that part of the valve controlling the brake pipe

vent is closed, and the part controlling the main reservoir pressure is

open and main reservoir pressure is free to flow to the engineman's

brake valve in the usual manner. When an automatic application is made
the electro-magnet is de-energized, the main reservoir supply to brake
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valve is cut off to prevent releasing the brakes, and the brake pipe air

vented to atmosphere via the exhaust control valve.

The exhaust valve is so designed and constructed as to permit a

30% reduction of the initial brake pipe pressure, after which it auto-

matically closes the brake pipe vent, thus preventing the exhausting of

the entire brake pipe system while providing for a service application

of the brakes. In case it is desired to cut the train control out of service,

by-pass air connections are provided, controlled by angle cocks normally

sealed.

3. An electro-magnetic release switch and light indicator. The
function of the indicator is to advise the engineman, after an automatic

application of the brake, when the speed of his train has been reduced

to the enforced lower rate of speed, after which he may, by first operat-

ing the release switch, then release the brakes in the regular manner.

The release switch is constructed so that it cannot be held closed, and
its operation prior to reducing the speed of the train to the point where

the indicator will be lighted will not effect a release of the brakes.

4. A push button known as the "stop ramp button." This must be

operated in order to avoid an automatic brake application Avhile going

over a de-energized ramp, when passing a stop signal to enter a danger

block, at or below prescribed low speed. Exceeding the low speed limit

will cause the brakes to be applied at any time in a danger block irre-

spective of the forestalling feature.

5. A shoe mechanism, on the right hand side of the locomotive for

forward running, and on the left hand side for backward running. This

shoe apparatus consists of a shoe stem and a circuit controller. The
contacts of the circuit controller operate with the shoe stem and are

closed with the shoe down, open with the shoe up, thus selecting between

locomotive and roadside energy, but overlapping in their movement
sufficiently to avoid breaking the indication selector circuit. The shoe

stem is held down in position for contact with the ramp by means of

air pressure. The shoe stem is drilled throughout its length so as to

insure an application of the brakes in case it is broken off in service.

Operation of Device

At a Clear Signal.

The shoe receives energy from the ramp to cause a clear or proceed

indication to be transmitted to the engine apparatus and t^lis indication

is maintained until the shoe engages the next ramp.

At a Caution Signal.

When the shoe engages the ramp energy of a different polarity

actuates the engine apparatus to the caution position ; and this indication

is maintained throughout the caution block, and the speed circuit controller

is automatically connected Into the engine circuit in such a manner that

it will operate an automatic service application of the brakes if the train

exceeds the prescribed medium speed. When the speed has been reduced
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to the point at which the controller is set it operates to close a circuit to

light the cab indicator, thus notifying the engineman that he may take

the proper action to release the brakes. Should he for any reason be

incapacitated, or fail to take advantage of this opportunity, the brakes

would continue to apply and stop the train.

At a Stop Signal.

The shoe receiv'es no energy from the ramp and the engine circuit

is opened, thus causing an automatic application of the brakes. How-
ever, a stop signal may be passed and the train enter the danger block

without receiving a brake application if two requisites are complied

with, namely, "stop ramp button" must be held closed while the shoe

engages the stop ramp and the train must be operating at, or below,

the prescribed low speed. The train may then proceed and is auto-

matically restricted throughout the danger block to the low speed limit,

the brakes applying automatically whenever the train exceeds that speed.

After each automatic application of the brakes, the cab indicator will

light when the speed has been reduced sufficiently for the engineman to

effect a release ; if no action is taken, the brakes will continue to apply

and stop the train.

Our order in Automatic Train-Control Devices, supra, provides

:

"That each installation made pursuant to this order shall, when
completed, be subject to inspection by and the approval of the Commission

or- any division thereof to which the matter may be referred."

This device has heretofore had the Commission's approval. There-

fore, the purpose of this inspection and test was to determine if the

installation was made in accordance with the plans furnished and the

specifications and requirements of our order.

As a result of this inspection and test it has been found that the

device itself as installed meets all the requirements of the Commission's

specifications and order in Automatic Train-Control Device Supra and

its installation is, therefore, approved, except as hereinafter indicated.

The Rock Island Railway Company will be expected to comply at

once with the following requirements as to inspection, tests and mainte-

nance: (1) To insure the proper and safe operation of the locomotive

apparatus, arrangements should be made by the railroad company for

a careful inspection and tests of the train control equipment by skilled

employees on the arrival of all locomotives at a terminal or round-house.

This inspection and tests should include all parts of the apparatus ; all

sealed air cocks should be inspected to see that the seals are unbroken

and that the apparatus is properly put in service before leaving. A daily

report as to the conditions of the apparatus should be made on a form

especially provided for that purpose and forwarded by the inspectors to

the proper authority.

2. The roadside apparatus should be frequently inspected and tested

for crosses, grounds, and polarity, the alignment of ramps and the proper

adjustment of the displacement detector and a report made on a form
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provided for that purpose and forwarded by the inspectors to the proper

authority.

3. A form should be provided for the engineman on which to report

all failures of the apparatus or any irregularities in the operation of

the device.

4. The shoe housing and other accessible parts of the apparatus

should be padlocked or sealed.

Certain situations were noted whi:h, in our opinion, should be cor-

.jcted by the railroad company as a precautionary measure in order

to secure a greater degree of safety and to prevent a possible failure

properly to protect train operations, in so far as it concerns the signal

system upon which this train control device is superimposed. In the

following specific respects the railroad company should promptly take the

necessary action to carry into effect the recommendations made

:

(1) Location of clearing ramp when leaving train-control territory

at signal 162 should be changed so as to provide protection for a train

standing in the overlap of signal 170.

(2) All cross-over switches between main tracks and sidings should,

when used, be so arranged as to give maximum protection to main track

traffic, through the proper signal indication.

(3) All movements leading to main tracks should be protected

through the signal system.

(4) Movements by signal indication through all interlocking should

be at low speed except that where a more favorable indication is desired

full train control protection should be provided through the signal system.

The train control ramp indication should be made to conform to the

signal indication, opposing signals should not be cleared simultaneously.

(5) Some of the signal overlaps, in our opinion, are not of sufficient

length to provide braking distance at the present medium speed.

(6) The medium speed of Zl miles per hour for passenger trains

is, in any event, considered too high and a lower speed is recommended.

(7) Protection should be provided against a train on siding, fol-

lowing a train on the main track, without restriction as to speed.

(8) Sign boards should be placed to indicate the beginning and

ending of automatic train-control territory.

While these recommendations do not reflect upon the train control

device itself, we feel that as a matter of caution the carrier's attention

should be called to them and it should comply therewith in order that

the greatest degree of safety may be insured. The attention of the

Rock Island has been called to these matters and they indicated their

willingness to comply with our recommendations in reference thereto.

By the Commission, Division 1.

George B. McGinty,

Secretary.

Chicago, Illinois, December 19, 1923.
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Exhibit D

LIST OF ARTICLES APPEARING IN "RAILWAY SIGNALING'

ON VARIOUS TRAIN CONTROL SYSTEMS FROM
NOVEMBER; 1914, TO JUNE, 1924, INCLUSIVE.

American Traix Control Corporation.

On Maryland & Pennsylvania, page 175, June, 1915.

On Chesapeake & Ohio Ri^, page 131, April, 1919.

Automatic Control Company of Indianapolis.

On C. C. C. & St. L. Ry.. page 162, April, 1923.

Bourdette-Brookins Train Control System.

Page 411, October, 1920.

Page 247, June, 1923.

Bulla Automatic Stop.

Page 349, November, 1916.

Clifford (Train Control Corpor.a.tion of America).

Tests on Erie, page 464, December, 1922.

FiNNiGAN Train Control.

Description, page 100, March, 1922.

General Railway Signal Company.
Automatic Train Control test, page 431, November, 1921.

Description, page 105, March, 1922.

Developments, page 113, March, 1923.

Test on C. & N. W. Ry., page 443, November, 1923.

Indiana Equipment Corporation.

Description, page 120, March, 1923.

On C. C. C. & St. L. Ry., page 327, August, 1923.

On C. C. C. & St. L. Ry., page 359, September, 1923.

Improvements, page 162, April, 1924.

Julian-Beggs Automatic Train Control.

Page 200, July, 1915.

^[-V All Weather.
Description and Test on Raritan River, page 58, February, 1922.

Description, page 114, March, 1922.

Miller Train Control Corporation.

On C. & E. I., page 329, November, 1914.

Developments, page 61, February, 1916.

Improvements, page 118, March, 1923.

Positive Stop Ramp, page 410, October, 1923.

On C. & E. I., page 438. November, 1923.

Description, page 109, March, 1922.
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National Safety Appliance Company.

On Western Pacific, page 312, September, 1919; August, 1919,

page 267.

On C. & A. R. R., page 335, August, 1923.

Test of on C. & A. R. R., page 441, November, 1923.

On M. P., page 479, December, 1923-June, 1924.

Tests on St. Louis-San Francisco Ry., page 284, July, 1923.

Description, page 111, March, 1922.

Regan Safety Devices Company, Inc.

Inspection on Rock Island, page 175, April, 1920.

Installation on Rock Island, page 204, May, 1920.

In England, page 463, November, 1920.

In France, page 115, March, 1921.

Installation and description on Rock Island, page 116, March, 1922.

Inspection on Rock Island, page 9, January, 1924.

Richards Train Control System.

Description, page 126, March, 1923.

Schweyer Automatic Train Stop.

Page 224, July, 1918 ; page 353, November, 1918.

Page 120, March, 1922.

Developments, page 124, March, 1923.

Intermittent Induction type—page 334, August, 1923.

Shadle Automatic Train Control.

Test on C. I. & W. Ry., page 405, October, 1920.

Page 373, December, 1918.

Description, page 122, March, 1922.

Performance Record, page 122, March, 1922.

Simmen System.

Page 124, March, 1922.

Development work, page 117, March, 1923.

Simplex Train Control.

Page 497, Decem.ber, 1921.

Sprague Safety Control & Signal Corporation.

On New York Central and description, page 226, June, 1922.

Address by Mr. Sprague, page 336, August, 1923.

I. C. C. report on Sprague Train Control Tests on N. Y. C, page

367, September, 1923.

Union Switch & Signal Company.

Description, page 128, March, 1922.

On Pennsylvania, page 130, March, 1923.

In service on Pennsylvania R. R., page 372, September, 1923.

Webb Automatic Train Stop.

On N. Y., N. H. & H., page 151, May, 1917.

Tested on Erie, page 65, February, 1922,

Description, page 130, March, 1922.
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Wooding Automatic Train Stop.

I. C. C. tests, page 311, October, 1917.

Description, page 131, March, 1922.

Chicago, 111., January 17, 1924.

TO WHAT EXTENT MAY WAYSIDE SIGNALS BE OMITTED
IN TRAIN CONTROL TERRITORY?

1925.

Interstate Commerce Commission Order No. 13413 states

:

"In prevailing practice the primary function of automatic

train stop or train control devices is to enforce obedience to the

indication of fixed signals ; but the feasible operation of essentially

similar devices used without working wayside signals may be

regarded as a possibility."

and in another part of the order:

"We have decided not to limit by our order the installation of

automatic train control devices to roads or portion of roads

already equipped with automatic block signals, because we have

no desire to discourage efforts to automatically control trains

without the aid of fixed wayside signals. The statement, there-

fore, of the primary function of automatic train stop or train

control devices recognizes the possibility of installing such a

device without the use of automatic block signals."

Recognizing the possibilities of this proposition, the Pennsylvania

Railroad made a trial installation on its Lewistown Branch of a con-

tinuous induction train control system with wayside signals only at

passing sidings where trains are required to stop and receive instructions

;

the spacing of the trains being accomplished without wayside signals.

Following preliminary tests of this installation, the Atchison, Topeka &
Santa Fe Railway is now making a similar installation on its Illinois

Division in the territory specified in I. C. C. Order No. 13413.

Train control of the continuous induction type, wherein the indicator

in the cab reliably shows conditions ahead and instantly indicates changes

in such conditions, appears to be the only system so far produced which

may be used safely as a substitute for fixed signals for spacing trains.

It utilizes the track circuit together with a circuit superimposed on

the track circuit, as the actuating medium. Impulses are picked

up by induction coils on the locomotive and by means of vacuum

tubes amplified so that they will operate a three-position relay on the

locomotive which through proper contacts may give three indications by

letters, "S," "R," and "A"—Slow, Restricted and Authorized Speed, or

by colors Red, Yellow and Green. Thus the track circuit indications are

carried onto the locomotive, making it possible to locate the signal in the

locomotive cab instead of along the wayside.
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Various reasons have been advanced to show the necessity for wayside

signals in connection with train control. These, together with analyses,

follow

:

1. To give sufficient advance information to properly handle

train. Cab signal does not provide an indication that a train is

approaching a caution signal.

By providing additional braking distance to allow the use of a delayed

brake application, engineman can be given the equivalent of the advance

information now received from wayside signals.

2. To avoid the necessity of constantly observing cab indi-

cator which would lessen observance of conditions ahead.

Experience proves that the flip of the cab indicator attracts the eye.

In addition to this, audible indications can be given to attract the engine-

man's attention to any change in the visual indicators.

3. To provide means for giving proper information where
trains are diverted at interlocking plants.

Wayside signals should be used at such points.

4. Wayside signals provide means for protecting trains

when it is necessary to cut out the train control equipment on

the engine.

If experience shows that failures are so frequent that wayside signals

are necessary for this reason, train control will be a failure.

5. To make it possible for engineman to have complete

control of air brakes as long as he properly handles train. This

will avoid undesirable application of the brakes.

Arrangement outlined in No. 1 takes care of this.

6. To provide a stop indication ahead if an emergency appli-

cation is required on account of obstruction of track due to

wreck on adjoining track, switch opened ahead of train or other

emergency that might set wayside signal at stop.

Cab indicators take care of this.

Paragraph from General Order putting automatic control on Lewis-

town Branch of the P. R. R. in service is as follows

:

"When the cab indicator changes from "A" to "S," and re-

mains at "S," it will indicate possible failure of the apparatus or

urgent necessity for a quick stop, and engineman must take

immediate action necessary to stop as quickly as possible with

safety; Conductor or Engineman will notify the Superintendent

from first available point of communication."

7. To provide a check on proper operation of engine auto-

matic control apparatus.

If train control is a success, such a check is not necessary.

8. To provide markers—to define the locations where change

of indications might ordinarily be expected.

Not needed except at stop points where wayside signals must be

provided.
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9. To provide for making efficiency tests.

Not needed. Train Control provides necessary check.

10. In case of accident, the presence of wayside signal and
its condition after the accident may provide evidence that the

engineman is negligent.

No use except as a post-mortem, and then of doubtful value.

11. To assist trackmen in locating broken rails and signal-

man in maintaining signals.

Not of sufficient value to warrant additional cost of wayside signals.

12. To prevent making engineman an automaton.

The required acknowledgment of every change to a more restrictive

indication, which must be made to prevent unnecessary delay or a stop,

is the preventative.

13. To provide information for detoured engines not equipped

with cab indicators.

If trains not equipped with Train Control are detoured at very fre-

quent intervals and cannot be protected in some other way, wayside

signals would be a necessity.

While an automatic signal may be made to display "Stop," ordinarily

its most restrictive indication is "Stop and Proceed." After train has

stopped it may proceed "running with caution expecting to find a train

in the block, broken rail, or switch not properly set." As a speed control

enforces the slow speed command, the stop seems unnecessary. If the

stop at an automatic signal is unnecessary, then the automatic block

signal would seem to be unnecessary, as the cab indicator tells the story.

It seems logical that the "Stop" indication would have to be pro-

vided by a fixed wayside signal to mark the point where it is necessary

to hold a train until it is desired that it proceed. The "Proceed" indi-

cations can be given by the cab indicator, making the automatic wayside

signal unnecessary.

Where wayside signals- are used with train control, there are conflicts

in the indications as follows

:

(a) Automatic Signal indicates "Proceed prepared to stop

at next signal." Cab indicator shows "A" or "Green light" (a

more favorable indication) until train reaches signal, then "R"
or "Yellow light," and if the block in advance clears, cab indi-

cator changes to "A" or "Green light," although fixed signal just

passed showed "R" or "Yellow light."

(b) Automatic signal indicates "Proceed." Cab indicator

indicates "A" or "Green light." After train passes fixed signal,

wreck occurs ahead, or switch is opened. Cab indicator changes

to "S" or "Red light," although fixed signal just passed indicated

"Proceed."

(c) Approaching a curve having a speed restriction, cab

indicator shows "R" or "Yellow light" ; fixed signal indicates

"Proceed."
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. There are no installations of an intermittent type of train control

without wayside signals.

Train control of the intermittent type is not affected by a change

of conditions while a train is between roadside indicating points, there-

fore, an indication in the cab carried from one indication point to another

may be misleading.

Conclusion

With train control of the continuous type, the only wayside signals

required are those located where trains may be required to stop until

authorized to proceed or where it is desired to give orders or instructions.
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Appendix C

(4) SIGNALS FOR HIGHWAY CROSSING PROTECTION

A. H. Rudd, Chairman, Sub-Committee; W. H. Elliott, F. P. Patenall.

This report is largely composed of excerpts from abstracts of papers

presented at the Conference under the auspices of the National Associa-

tion of Railroad and Utilities Commissioners, Chicago, May 1st, 1924,

by Messrs. W. D. B. Ainey, H. A. Rowe and C. L. Bardo, and proceed-

ings of previous meeting of the Commissioners held in Miami, Fla.,

December 4, 5, 6 and 7, 1924 ;
paper read to the Western Society of

Engineers, Chicago, May 19th, by R. H. Ford ; and other excerpts from

various public documents—all of which are worth reading.

The conclusions are an extract from a letter from the President of

the United States to the Conference of May 1st, which is so terse and

accurate that it might well be received as covering the entire subject,

and the remainder of this report regarded simply as supporting data.

Conclusions

"The ideal, of course, is complete separation of grades of
railroads from highways, and as the one and final solution of the

problem it should be accomplished as soon as possible. It is real-

ized, of course, that complete separation is beyond realization in

the lives of those living. This for two reasons—first, the magni-
tude of the task; second, the utter inability to pay the necessary
cost.

"Undoubtedly much can be accomplished immediately by sur-
rounding highway crossings with proper safeguards, giving suit-

able notice of the approach of trains and awakening in the mind
of the traveler a full sense of personal responsibility for careful
action in approaching and passing over railroad crossings."

"The people of this country are, and, therefore the country itself,

is suffering from a lack of sense of proportion. Two items evidencing

this are the orders of the Interstate Commerce Commission covering

Train Control, and the widespread public demand for the elimination of

grade crossings. The first is intended to reduce railroad accidents ; the

second, railroad and automobile accidents. Both are ideal, but neither,

with the money available, will result in reducing fatalities, casualties and
property damage within twenty-five or thirty years (the most interesting

period for the majority of us) as much as other means immediately

at hand.

"Good railroad engineering, as we understand it, whether mechanical,

civil, electrical or even signal, is more or less an exact science, the appli-

cation of which results in the greatest possible safety and efficiency for

each dollar available for expenditure.

"Certain things we know, certain things we are pretty sure of, other

things are pure guess-work, and lastly, but, unfortunately, firstly in the

minds of many, we have those "known quantities" based on the misuse

and abuse of statistics.
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"Train control is covered in another report of this Committee and is

cited here solely for the reason that it is to be paid for entirely by the

railroads and the funds so diverted obviously cannot be used for other

purposes of greater utility in accident reduction. We are pretty sure it

may prevent some collisions at high speed ; we guess it will prevent some

at low speed ; by the skilled misuse of statistics referred to we might

be led to believe that it would eliminate them all. We do know that,

if it is installed as rapidly as desired, it will leave no funds available

for other new work, except perhaps on a few of the richest roads of

the country.

"Grade crossing elimination—dollar for dollar—will net more than

train control. Grade crossing elimination on a large scale is out of the

question, and even were all grade crossings eliminated, the percentage

of automobile accidents eliminated throughout the country on the high-

ways would be comparatively small.

"Prior to the advent of the automobile, grade crossing separation

resulted in security of the public and convenience for the railroads.

"On July 23, the United States Department of Agriculture issued a

statement to the effect that:

'The agitation against stopping highway traflfic at railroad

crossings is having the efifect of rapidly crystallizing public senti-

ment against all highway crossings ; this will lead to the only
right solution of the matter ; that is the separation of grades.'

"It will be noted from the above, that what was originally considered

as the principal advantage to be gained by the railroads, and upon which

much of our highway legislation rests, has now passed to the public, or

in other words, the advantage of security or safety is no longer the prin-

cipal objective for the public, but that convenience has become a main

essential as well. The force of this is also evident to anyone who observes

the long lines of automobiles Avhich so quickly accumulate on each side

of crossings during the passage of a railway train. These facts must

cause the thoughtful observer to question the old adage that it is the

railways which benefit most through the separation of grades.

"On the other hand, the number of railroad trains wrecked by col-

lisions with automobile trucks or by emergency applications of the brakes

to avoid collision indicates that safety of trains is also involved.

The Automobile Largely Responsible for Increase in Accidents

"There exists a popular impression that the highway crossing is the

principal source of accident on the highways. This is due in no small

degree to the fact that whenever a highway accident occurs, it is usually

demonstrated to the public that if the crossing had been eliminated, the

accident would not have occurred, but scant mention is made of the

enormous number of casualties and accidents which occur at other than

highway crossings with railroads. For the six years from 1917 to 1923,

the casualties at highway crossings increased 27.5 per cent, but during

this same period casualties at crossings to pedestrians and vehicles other

than automobiles decreased 53.3 per cent. During the same period,

automobile casualties increased 75 per cent.
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"A comparison between the total automobile casualties and those occur-

ring at highway crossings indicates that the greater percentage of the

increase occurred away from the highway crossings. The automobile

fatalities in 1922 totaled 9,184, but in 1923 they had increased to 14,000—

equivalent to an increase of 52.4 per cent. During the same period, the

grade crossing casualties had increased 25.5 per cent. It is evident from

the foregoing that while the danger has greatly increased at the crossings,

the greater danger is on the main highway away from the crossings.

"While no sane person will question the desirability of grade crossing

elimination, it is unfortunately a fact that those public authorities who
are usually found to be the principal agitators for such improvements

are not as active in preventing new and additional grade crossings.

"Reports to the Interstate Commerce Commission show that at the

close of 1923 there were 252,362 highway grade crossings in the United

States, an increase of 6.7 per cent since 1917, although during this period

there was an actual decrease of 1.2 per cent in railway mileage. At the

recent conference on grade crossings held in Chicago, it was reported

that although 706 grade crossings had been eliminated in 1922, during

the same year 4000 new grade crossings were added. When it is recalled

that under the new order of public travel on the highways, each one

of these additional crossings is a great menace to life, and that their

cost must ultimately pass to the railway user, the seriousness of the

situation is self-evident.

Enormous Cost of Crossing Elimination

"Recent reports show the actual cost of eliminating 80 grade crossings

in 11 states to have been $7,830,000. Among these were crossings in

several large cities, to be eliminated in connection with track elevation

projects. Excluding these, the cost would be $3,630,000 for 69 projects,

making an average cost of $97,875 per grade crossing with the track

elevation projects included, or $52,600 per crossing if these city projects

were excluded. Considering the fact that the greater number of principal

grade crossings are in the cities traversed by the railways, an average of

$75,000 for all character of crossings is probably not too high, although

several authorities have placed this at an even higher figure. Assuming,

however, the average to be only $60,000 per crossing, the elimination of

the 252,362 highway crossings in the United States would cost the

country $15,142,000,000.

"The Pennsylvania Public Service Commission recently canvassed the

states to determine the basis of railway cost divisions for grade crossing

eliminations. Out of 24 states reported, 16 assess the railways 50 per

cent or less, while 8 assess them in excess of 50 per cent. If we assume

the division on the basis of SO per cent, it would mean an expenditure

of $7,571,000,000 by the railways to separate the grade crossings in this

country.

"The valuation of the railroads at the end of 1923 was estimated at

$23,011,053,883. Consequently, the separation of the crossings would mean
an addition of about 33 per cent of the entire capitalization of the rail-
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roads, or in other words, one-third of their entire valuation would be a

relatively non-production investment and this, be it remembered, is

according to terms which are considered as being the fair proportion for

the railroads to pay.

"It is the logical and necessary conclusion that this increase, in the

shape of higher railroad rates, must in turn be passed to the shipper

and passenger, a situatiort which is impractical on its face. Therefore,

some other and more equitable way must be found, if the crossings are

to be eliminated.

"For the ten year period from 1913 to 1923, the net operating income

of the railroads increased 24 per cent. Meanwhile, taxes increased 184

per cent. A large part of this increase in taxation has been brought about

by special assessments for public improvements, usually for the benefit

of the relatively few, and not for the many, although coming within the

term of "public benefits." When it is considered that in addition to this

vast increase, the railways are further assessed 50 per cent or more for

the cost of the highway separations, the absurdity of the situation from

the standpoint of a fair division of cost is apparent.

"The total railway operating income for 1923 was $6,356,890,737. The

costs of operation were $4,943,928,145, leaving a net revenue of $1,412,-

962,592. After deducting $435,305,224 for taxes and rentals, there was left

a net operating income of $977,657,368, equivalent to only 4.25 per cent on

the investment. Now, an expenditure of $7,571,000,000 for grade cross-

ings would in no way increase the earnings capacity of the railroads, whose

net earnings last year were approximately 25 per cent less than the amount

considered by the Interstate Commerce Commission as a fair return on

their investment, or a sum much less than the average man is today

obtaining for his savings.

"It will be readily seen from the foregoing that the participation of

the railways in any general policy of grade crossing elimination on the

basis of divisions of costs which have heretofore been assumed as

equitable, is, because of changed conditions, now out of the question.

The problem of railway participation in the general program of crossing

elimination is not one of unwillingness to co-operate with the public

authorities, or even one of finance. It is rather one of sheer imprac-

ticability.

# 4< 4< -^ * >^

"The effect of this is to place the roads in the unpleasant situation

of having to oppose these improvements, because of the inconsistency in

the division of cost.

"An eminent engineering authority, who has devoted much time and

thought to the study of the highway crossing problem, states that with

the changed conditions brought about by the automobile, the problem is

no longer "the elimination of grade crossings" but has now become "the

regulation for grade crossings," because of the wholesale changes and

alterations which are now being advocated by various authorities and by

unthinking persons who do not give more than a superficial review to the

subject.
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"There is a popular fallacy that if the railroads would adopt some
policy for grade crossing elimination, the savings that would result in

reduction of claims from accidents, crossing watchmen, etc., would net

a considerable saving, sufficient to warrant the change. It is true that

some saving would accrue, but, except in a relatively few isolated cases,

it will usually be found that the savings would be about 1 per cent on
the new capital necessary to make the elimination. Who is willing to

loan money to the railroads at this rate?"

The above is taken largely from Mr. Ford's paper.

FATALITIES AND INJURIES IN COLLISIONS COMPARED WITH
FATALITIES AND INJURIES AT HIGHWAY CROSSINGS

AS REPORTED TO THE INTERSTATE COMMERCE
COMMISSION—YEARS 1913-1923, INCLUSIVE

Year
June 30, 1913

June 30
June 30
Dec. 31

31

31

31

31

31

31

31

Dec.
Dec.
Dec.
Dec.
Dec.
Dec.
Dec.

1914.

1915.

1916.

1917.

1918.

1919.

1920.

1921.

1922.

1923.
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There are probably now 16 million motor vehicles and the number is

rapidly increasing. There are less than 70,000 locomotives and their num-
ber is increasing comparatively slowly. It is estimated that to equip them

all with train control and provide the necessary roadside equipment would

cost $1,600,000,000—all to be paid by the railroads.

Last reports show 4,000 more grade crossings than Mr. Ford esti-

mated on. Using his estimate of $60,000 per crossing, the cost to the

country for elimination would be $15,381,720,000, of which the public

should directly pay a large proportion.

The foregoing would seem to indicate that we should come down to

earth and consider some rational plan for eliminating the accidents which

is within the bounds of possible accompHshment.

The cost of protecting these 257,000 crossings with the recommended

standard signal to indicate the approach of a train would, at an average

of $2,000 each, cost $514,000,000. As a matter of fact, such protection would

be inadequate at many places and the grades must, of course, be separated.

It is equally true that such protection indicating the approach of trains

is more than is required at many points, but, if omitted at some crossings

and installed at others, the lack of it may trap the stranger or the unwary.

Therefore it would seem proper that some substitute should be pro-

vided. A law requiring vehicular stops at all crossings is burdensome and

difficult to enforce. Temperance instead of prohibition in this, as in other

instances, is indicated.

At the meeting of the National Association of Railroad and Utility

Commissioners held December 4th-7th, 1923, Miami, Florida, its Commit-

tee on Grade Crossing Protection presented the following conclusions

:

Conclusions

"1. No grade crossing can be adequately protected against the care-

less traveler such as the reckless automobilist.

2. It is necessary, in the interest of public safety, to create no new
grade crossings except in cases of absolute necessity, and to abolish

those now in existence as rapidly as is consistent with the financial means
of those bearing the expense.

3. The expense of abolishing the railroad crossings should be

borne proportionately by the railroads, states and municipalities, and
automobilists.

4. The grade crossings should be protected by the railroad in such

a way as not only to notify the traveler that he is approaching a cross-

ing but also to notify him when a train is about to pass over the crossing.

5. Public sentiment requiring the traveler, especially the automobilist,

to use proper care at railroad crossings should be cultivated.

6. Where there is such sentiment sufficient to guarantee the enforce-

ment of a law obliging an automobilist to slow down, or come to a

complete stop before proceeding over a railroad crossing, such a law
should be passed.

7. Where there is not such sentiment, some means should be devised,

such as placing obstructions in the highway, which will make it physically

impossible for the automobilists to go over railroad crossings at a danger-
ously high rate of speed."
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A conference in Chicago on April 30th and May 1st, 1924, under the

auspices of this Association and largely attended, adopted the following:

"The conclusion reached by the conference was that the separation of

grades at all railroad-highway crossings is physically and financially im-
possible of attainment in the hfe-time of men now living and that relief

must be sought through a variety of measures which were summarized
in resolutions as follows

:

(1) The elimination of grade crossings should proceed in an orderly

and expeditious manner. The creation of new crossings should be avoided
wherever possible.

(2) Highways which cross and re-cross tracks should be relocated.

(3) Adjacent crossings should be consolidated.

(4) Physical conditions at crossings should be favorable to the high-

way traveler.

(5) The proximity of railroad tracks should be designated by stand-

ardized, uniform and unmistakable indications.

(6) All extraneous signs and devices should be excluded from the

immediate vicinity of grade crossings.

(7) Railroads should give ample notice of the approach of all trains.

(8) The right to drive a motor vehicle on a public highway should
be restricted to qualified possessors of a license issued by proper authority

and revokable for cause.

(9) Motor vehicle accidents involving personal injuries should be
reported to public authorities for statistical and other purposes.

(10) Motor-driven carriers for hire upon highways should be under
the jurisdiction of railroad and utilities commissions.

(11) Such commissions should be empowered to require all such
carriers for hire to stop and take full precautions at railroad crossings.

(12) In states where a full stop is not required by law motor drivers

should be forbidden to exceed a speed of 10 miles an hour within 300 ft.

of any railroad crossing until positively assured that no train is approach-
ing.

(13) Red should be used only to indicate imminent danger and posi-

tive stop. Cautionary indications, including the rear lights of automobiles,
should be of some other color.

(14) Crossing flagmen should be invested with authority to arrest

persons disregarding stop signals.

(15) Public interest in the prevention of highway-railroad crossing
accidents should be cultivated by every available means.

(16) The principles of safety should be included in the curriculum of
every school.

(17) Further conferences should be called by the National Associa-
tion of Railroad and Utilities Commissioners as occasion warrants.

(18) The problem of highway crossing accident prevention demands
a continuance of the sincere and cordial co-operation established at this

conference. (The chairman was authorized to designate some one to

whom communications may be addressed, and interested organizations
were requested to designate representatives to assist in co-ordinating
effort.)

(19) A general realization of individual, personal responsibility will

bring about immediate mitigation of crossing hazards.
. . . . The Committee on Devices offered a resolution, which was

adopted by the conference, requesting the co-operation of the Bureau of
Public Roads, the American Association of State Highway Officials, the
American Automobile Association, the American Railway Engineering
Association, the American Railway Association, the National Association
of Police and other associations of national scope in recommending
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national standards for state adoption. The conference pledged itself to

make every reasonable and consistent effort to have such standards as

result from this conference enacted into law, and adopted in the several

states."

At a conference held in Columbus, July 23, 1924, at the instance of

the Governor of Ohio, the following resolutions were adopted

:

"1. That the elimination of grade crossings should proceed in an
orderly and expeditious manner. The creation of new crossings should be

avoided wherever possible.

2. That the work of the Highway Department as well as the local

political sub-division in relocating highways which cross and recross

tracks should be carried on with a view toward eliminating all un-

necessary crossings, and adjacent crossings should be consolidated where
possible.

3. That laws be enacted authorizing the Public UtiHties Commis-
sion, or other public authority, to require the removal of unnecessary
obstructions to the view of the traveling public and to prevent the erec-

tion of new obstructions on property in the immediate vicinity of railroad

crossings.

4. That the placing of watchmen and warning signals on the grade
crossings proceed in accordance with the present, law and under the

direction of the Public Utilities Commission.
5. That there be used a uniform system of marking all railroad grade

crossings on all highways of the State, and that all other signs and
4evices which would confuse the traveling public should be removed
from the highways.

6. We recommend to the State Legislature that a 'Stop, Look and
Listen' Law be enacted requiring automobile drivers to stop at all grade
crossings other than crossings at which there are watchmen, gates, or at

crossings which are protected by mechanical or electrical warning signals

approved by the Public Utilities Commission or authorized by law, or where

the view is unobstructed for a distance of at least one half mile, and that

all such crossings requiring a full stop shall be indicated by conspicuous
signs at least three hundred feet from the crossing.

7. That the color lights, other signals and signs recommended by
the American Railway Association be used at all grade crossings.

8. That right to drive a motor vehicle on the public highways
should be restricted to qualified possessors of a license issued by proper
authority and revocable for cause.

9. That all motor vehicle accidents involving personal injuries should
be reported to public authorities for statistical and other purposes.

10. That we recommend a thorough system of education in the

public schools of Ohio in regard to accident prevention and that the

public interest be developed in every way possible in the elimination of
grade crossing accidents.

11. That an annual conference of this or similar character be
called for the purpose of developing the means of grade crossing acci-

dent prevention and of interesting the public generally to the necessity

for the same.
12. That a Committee of this Conference be appointed to co-operate

with similar conferences in other states to carry on the work here begun
throughout the year.

13. That a copy of these Resolutions, as well as the Minutes and
Addresses of this conference be published and forwarded to the other
States of the Union in order that the influence and the spirit of this
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Conference may be as widely felt as possible and that a copy of these

Resolutions be forwarded to each member of the coming Legislature.

14. That this Conference, recognizing the importance of the work,
urge the hearty co-operation of the Bureau of Public Roads, The Amer-
ican Association of State Highway Officials, The American Automobile
Association, The American Railway Association, The. Interurban Railway
Association, The American Railway Engineering Association, The Rail-

way Brotherhoods, The International Police Association, The Farm
Bureau and the National Grange, and particularly of the State Legisla-

tures and of any other state or national association, and urge upon all the

necessity of fixing some national standard which the separate states may
follow that the laws and regulations may be as uniform as possible

throughout the country.

15. The above resolutions are applicable alike to steam and interurban
railroads."

The Governor of Indiana called a similar conference which met in

Indianapolis on October 14 and 15, 1924, and which suggested the crea-

tion of a Department of Safety of the Public Service Commission, with an

advisory committee of seven members—one each from the steam rail-

roads, street and interurban railroads and electric light and power utilities

automotive fields, municipalities and civic bodies. Department of Educa-

tion, Farm Federation and Highway Commission—and then followed with

practically the same resolutions as were passed in Ohio.

It will be noted that regardless of the diversity of the interests in-

volved, there is a fair prospect of arriving on a common ground, and

with the intense interest displayed, there must be a place where all can

meet and agree. With so much already accomplished, it is to be hoped

that success is not far off.

The Signal Section's contribution is the following requisites unan-

imously approved at the Stated Meeting in September, 1924, and to be

presented at its meeting in Chicago this week for approval and submis-

sion to letter-ballot:

"1. Aspect.

An electrically or mechanically operated signal used for the pro-
tection of highway traffic at railroad crossings shall present toward the
highway, when indicating the approach of a train, the appearance of a
horizontally swinging red light and or disc.

2. Location.

The railroad standard highway crossing sign and the signal shall

be mounted on the same post.

3. Operating Time.

Automatic signal devices used to indicate the approach of trains

shall so indicate for not less than 20 seconds before the arrival of the

fastest train operated over the crossing.

Note—Local conditions may require a longer operating time; however, too long
an operation by slow trains is undesirable.
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Flashing Light Type
4. Height.

The lamps should preferably be not less than 6 ft. nor more than
9 ft. above the surface of the highway.

5. Width.

The two lamps shall be mounted horizontally 2 ft. 6 in. centers.

6. Flashes.

Lights shall flash alternately. The number of flashes of each light

per minute shall be 30 minimum, 45 maximum.

7. Hoods.

Lamp units shall be properly hooded.

8. Range.

When lamps are operated at normal voltage, the range, on tangent,
shall be at least 300 ft. on a clear day, with a bright sun at or near the
zenith.

9. Spread.

The beam spread shall be not less than 3 deg. each side of the
axial beam under normal conditions. This beam spread is interpreted to

refer to the point at the angle mentioned where the intensity of the beam
is SO per cent of the axial beam under normal conditions.

10. Lenses or Roundels.

Size shall be 5|^ in. minimum ; 8^ maximum.

11. Transmission Values (for red lenses and roundels).

Based on A.R.A. standard scale, should be 160 to 220 where
plain cover glass with reflector is used ; 220 to 275 where signals are used
without reflectors or where the ribbed spreadlite lens is used in front of
the reflector.

12. Lamp.

Six to eight-volt automobile type bulb, gas-filled, and not exceed-
ing 15 watts, shall be provided.

13. Short Range Indication.

Signal shall display a satisfactory short range indication.

14. Peep Holes.

Peep holes may be used.

Wig-Wag Type
15. Length of Stroke.

Length of stroke is the length of chord which subtends the arc,

determined by the center of the disc in its extreme positions, and shall

be 2 ft. 6 in.
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16. Disc.

Size and painting of disc shall be as shown on A.R.A. Sig.

Sec. 1553.

17. Number of Cycles.

Movement from one extreme to the other and back constitutes a

cycle. The number of cycles per minute shall be 30 minimum, 45
maximum."

The immediate work of the A.R.E.A. is, in our opinion, the adoption

of a recommended warning sign to be placed at the crossing and to

which the signal can be attached.

The American Railway Association has already recommended and

many roads and states have adopted the circular approach sign with the

black cross and letters "RR," black and white diagonal striping on cross-

ing gates, and the circular stop sign by day in the hands of the watch-

man, and the red light on gates and used by the watchman at night.

Therefore, with the sign at the crossing standardized, and the signal

indicating the approach of trains standardized, the only thing remaining

would be a sign and lights to indicate the stop at crossings where such

stop would not seriously delay the vehicular traffic, where such stop is

required by law, and at crossings which the Public Service Commission
has authority to designate as "extra-hazardous."

With the standards established, there would still exist the necessity

for legislation requiring their observance, enforcing of this legislation

and the education of the people.

The American Engineering Standards Committee will some time

make a report on the Code on Colors for Traffic Signals, which is along

the lines indicated in the various suggestions embodied in this report, and

which it is hoped may be universally adopted.
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REPORT OF COMMITTEE XIII—WATER SERVICE
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Committee.

To the American Raihvay Engineering Association:

Your Committee on Water Service presents below its report to the

Twenty-sixth Annual Convention on the following subjects:

(1) Revision of the Manual.

Report of Sub-Committee on this subject appears in Appendix A.

(2) Drinking Water Supply on Trains and Premises of Railways.

A progress report on this subject appears in Appendix B.

(3) Pitting and Corrosion of Boiler Tubes and Sheets.

A progress report on this subject is submitted in Appendix C.

(4) Value of Water Treatment.

A progress report on this subject is submitted in Appendix D.

(5) Lead as Compared with Substitutes for Joints in Cast Iron Pipe.

A final report on this subject is submitted in Appendix E.

(6) The Relative Merits of the Different Methods of Deep Well

Pumping.

A progress report is submitted under Appendix F.

(7) The PossibiHties of the Use of Hydraulic Rams for Railway

Water Supplies.

A final report is submitted under Appendix G.

(8) The Relative Economy of Different Methods of Pumping Water.

A final report is submitted under Appendix H.

(9) The Design, Construction and Maintenance of Pipe Lines.

A progress report is submitted under Appendix L

Action Recommended

Your Committee requests the following action on its report:

(1) That the examination of the subject-matter in the Manual be

again referred to the Committee for further study and report.

Bulletin 272, December, 1924.
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(2) That the report on progress of drinking water regulations be

received as information and that the subject be reassigned to the Com-
mittee for further study and report.

(3) That the progress report on the pitting and corrosion of boiler

tubes and sheets be received as information and that the subject be re-

assigned to the Committee for further study and report.

(4) That the progress report on the value of water treatment to

railways be accepted as information and the subject reassigned to the

Committee for further study and final report.

(5) That the final report on lead as compared with substitutes for

joints in cast iron pipe be accepted as information.

(6) That the report on relative merits of the different methods of

deep well pumping be reassigned to the Committee for further study and

report.

(7) That the final report on the possibilities of the use of hydraulic

rams for railway water supplies be accepted as information.

(8) That the report on the relative economy of different methods

of pumping water be accepted as information.

(9) That the subject of the design, construction and maintenance of

pipe lines be reassigned to the Committee for further study and report.

Suggested Subjects for Next Year's Study and Report

(1) Continue study of subject-matter in the Manual with view to

recommendations for changes.

(2) Continue study of progress of regulations of Federal and State

Authorities pertaining to drinking water supplies.

(3) Continue study and report on pitting and corrosion of boiler

tubes and sheets, taking into consideration character of metal used,

method of manufacture, construction of boilers and quality of water.

(4) Continue study on the cost of impurities in locomotive water

supply and the value of water treatment, together with comparisons of

the different methods and a study of the costs of blowing off, washout

and water changes.

(5) Continue the study of the relative merits of the different meth-

ods of deep well pumping.

(6) Continue study of the design, construction and maintenance of

pipe lines.

(7) Study and report upon the design and construction of water

station buildings.

(8) Study and report upon the use of hot water boiler washing

plants as affecting the water supply, the amount, of water used and

wasted, required storage to minimize waste and the possibilities of re-

claiming waste water.

(9) Study and report upon methods of heating water stations and

protecting tanks, water colums and other water facilities against frost.

Respectfully submitted,

The Committee on Water Service,

C. R. Knowles, Chairman.
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Appendix A

REVISION OF THE MANUAL

E. M. Grime, Chairman, Sub-Committee; R. W. Chorley, H. W. Van-
Hovenberg, W. B. McCaleb, S. C. Beach, W. H. Hobbs, D. A. Steel,

W. A. Christian, R. E. Coughlan, E. G. Lane.

The work of this Committee during the past year has been confined

altogether to joint committee work with the Committee on Rules and
Organization. Matter pertaining to rules for Water Department employes

and for the care and operation of water stations has been very carefully

gone over by the two committees and will be submitted in the report of

the Committee on Rules and Organization.

Appendix B

REPORT ON "THE REGULATION OF FEDERAL AND STATE
AUTHORITIES PERTAINING TO DRINKING WATER
SUPPLIES AND THE SANITARY EXAMINATION

OF DRINKING WATER SUPPLIES"

S. C. Beach, Chairman, Sub-Committee ; W. A. Christian, R. C. Bardwell,

A. B. Pierce, H. W. Van Hovenberg, C. P. Van Gundy, M. E.

McDonnell, C. P. Hoover, J. H. Davidson.

A proposal has been made by the U. S. Public Health Service to

modify their standard for drinking water. This will interest the rail-

roads greatly inasmuch as at present we are submitting samples each

year for analysis by the State Laboratories ; their findings are reported

to the Surgeon-General, who then either issues permission to use such

water on common carriers, or if, in the judgment of the State Laboratory

and basing an opinion on a survey and test, the water is found not suffi-

ciently pure, we are ordered to discontinue its use. A satisfactory sub-

stitute must then be found and placed in service, this necessitating

considerable trouble and expense.

The present standard has been in use for some time past and has

been variously criticized by water experts, mostly for the arbitrarily

assumed allowance made for the bacteriological content. The American
Public Health Association urges all concerned to co-operate in the adop-

tion of an acceptable program with regard to methods of testing and

interpretation of results. The railroads are and should be actively inter-

ested in this matter.

Attention is called to a paper by O. E. Browncll of the Minnesota

State Board of Health on "The protection of small water supplies used

by the Railroads" in Bulletin No. 270, referring to wells used in con-

nection with small stations, section houses and car camps, which latter

necessarily use the water nearest at hand and most easily obtainable. He
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calls attention to the presence of small leaks existing as the result of

lack of care in the installation and upkeep of these supplies, particularly

noting worn gaskets, the use of wooden casings and covers, improper

location with relation to privies, sewers and cess-pools and the impor-

tance of drainage being made away from the well top in all directions.

Emphasis is also placed on making the construction waterproof for

a sufficient distance below surface to prevent the possible entrance of

seepage contamination. His article is illustrated with a number of excel-

lent cuts showing properly constructed types of wells.

Conclusions

1. That the Water Service Committee, American Railway Engi-

neering Association, submit suggestions to the Public Health

Service regarding new standards for drinking water examina-

tions and interpretations therefrom.

2. That the railroads may well continue their interest in the

obtainance and upkeep of their small water supplies, this

particularly as applied to car camps, stations in small towns

and section houses.
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Appendix C

PITTING AND CORROSION OF BOILER TUBES
AND SHEETS

M. E. McDonnell, Chairman, Sub-Committee; R. C. Bardwell, W. M.
Barr, O. W. Carrick, B. W. DeGeer, T. D. Sedwick, J. P. Hanley,

O. T. Rees, C. H. Koyl, R. E. Coughlan, H. H. Richardson, H. L.

Roscoe, C. P. Van Gundy, W. H. Hobbs, J. H: Davidson.

This subject was considered at all of the regular meetings of the

Water Service Committee and your Sub-Committee held two special

meetings in Altoona during the current year. In the preliminary report

of your Sub-Committee made in 1922 and published in the Proceedings

of the Association, Vol. 23, pages 493 to 497, inclusive, the theory of

corrosion, based on electro-chemical reactions, was outlined. In the

report of the Sub-Committee for 1924, published in the Proceedings of

the Association, pages 164 to 166, inclusive, the theory of hydrogen ioniza-

tion was discussed, together with the relation of oxygen to hydrogen ion

concentration. Your Sub-Committee's work for the present year has

been based on the basic principles as outlined in these two reports. It is

realized that a number of variables affect the rate of electro-chemical

reactions. At the special meeting of the Sub-Committee, which was held

on June 10, 1924, it was decided to consider the most obvious variables

which occurred to the members, and a program was outlined wherein

specific assignment was made to different members, as follows

:

(1) Influence of the electrolyte on cor-

rosion C. H, Koyl

(2) Influence on corrosion of alloying

elements such as copper T. D. Sedwick
(3) Influence of protective coatings, includ-

ing lead, and coatings resulting from

the water used Q. T. Rees

(4) Oxygen and the effect of its removal. . .R. C. Bardwell

(5) Prevention of corrosion by chemical

reagents J. P. Hanley

(6) Counter-electrical potential method of

preventing corrosion 0. W. Carrick

(7) Influence of suspended matter, including

mud and solids precipitated from the

water H, H. Richardson

(8) The nature and extent of corrosion due

to acidity, including carbon dioxide. ..C. P. Van Gundy
(9) Corrosion as affected by the design of

boiler W. M. Barr

(10) Corrosion as affected by kind of mate-

rial of boiler construction R. E. Coughlan and

H. L. Roscoe
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At the special meeting of your Sub-Committee, which was held on
October 1, 1924, the work outlined at the previous meeting was subjected

to review, and the reports abstracted to include such information as was
considered to be desirable for publication in the permanent records of

the Association at this time.

Dr. Koyl reported some observations on the influence of the electro-

lyte, which appear to be especially pertinent. When the observations

were made, they could not be accounted for on a scientific basis, and a

satisfactory explanation is only now beginning to be conjectured. He
reported to the effect that "Pitting in locomotive boilers was a function

of the amount of dissolved sulphates and chlorides, and an inverse func-

tion of the amount of sodium hydroxide," also that he could not picture

the mechanism of pitting from this cause. With the object of obtaining

more light on this phase of the subject, tests were made, which demon-
strated that successive additions of sodium sulphate and chloride to water

increased the difference of potential between dissimilar metals, which

would be conducive to pitting, and that this difference of potential is

reduced by the addition of sodium hydroxide.

Recently, experiments were made for your Sub-Committee, which

appear to throw additional light on the subject. It was found that the

hydrogen ion concentration of water is changed by the addition of sodium

sulphate and sodium chloride. The hydrogen ion value of a commercially

distilled water was changed from 5.25 to 4.65 by the addition of 125

grains per gallon of sodium sulphate," and sodium chloride had a similar

effect, but to a less marked degree. These results indicate that lack of

homogeneity of the metal is not essential to corrosion. Further hydrogen

ion tests were conducted with sodium sulphate and sodium chloride

solutions with varying amounts of caustic soda and sodium carbonate.

Parallel "beaker" tests on the corrosion of steel were conducted with

these solutions. These results indicate that pitting and corrosion can be

prevented by caustic soda. For absolute prevention, the excess required

may be relatively large, but for all practical purposes the necessary amount

may be arrived at by the following formula: Caustic soda (NaOH),
grains per U. S. gallon required :=

Grains sodium sulphate -f- grains sodium chloride
-p X.

10

In this formula X is a variable for the constituents in the water other

than sodium sulphate and sodium chloride. For distilled water X becomes

5. In the presence of carbonates or hydrates of calcium and magnesium

it can probably be disregarded.

Your Sub-Committee considers excess treatment with caustic soda

the most available method of preventing pitting and corrosion which has

so far been developed.

Subject No. 2, covering the effect of alloying elements such as copper,

has been considered and we cannot find proof that such alloys as are

commercially available and adaptable for boiler construction corrode less

rapidly than standard plain carbon steel or wrought iron sheets and

tubes.
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The influence of protective coatings has been considered, and nothing

has been found which can now be considered effective.

The influence of oxygen is still under observation, and it is too soon

to report on the effect of its reduction by the use of open feed-water

heaters or other available methods.

A consideration of chemical reagents has demonstrated the value of

hydrates and carbonates of alkalies in the electrolye. Reducing agents

such as commercial tannates are probably beneficial in that they tend to

prevent oxidation. Chromates are used to some extent for preventing

pitting and corrosion, but it is questionable if the same beneficial results

cannot be accomplished to better advantage with caustic soda.

The counter-electrical potential method of preventing corrosion is

theoretically a solution of the problem, provided the mechanical diffi-

culties in its application can be overcome. The method covered by U.S.

patent No. 498968, issued to P. E. G. Cumberland, has been used for

some fifteen years on a limited number of marine boilers, and it is said

to work successfully if properly installed and operated. In the hands

of a novice, this equipment may cause detrimental corrosion of the

boilers which it is designed to protect. Mr. Carrick reports that a more
recent method of applying this principle, covered by U.S. patent No.

1,449,991, issued to L. O. Gunderson, is being applied experimentally on

several locomotives on the Wabash and Chicago & Alton Railroads. A
report on the efficiency of this method will be made by Mr. Carrick in

due time.

The influence of suspended matter and scale on pitting is still under

investigation.

The most destructive form of corrosion is due to mineral acids, or

to salts of these acids which readily hydrolize or produce free acid due to

oxidation. Other acids are less pronounced in their effect. Carbon

dioxide, when dissolved in water, causes a slight increase in the amount

of hydrogen ionization, and to this extent probably accelerates corrosion.

In practice, the effect of carbon dioxide is believed to be of minor impor-

tance, as it is rapidly removed from water by boiling. An excess of

caustic soda is believed to be an antidote for all acids.

In the design of modern locomotives, the trend is towards higher

boiler pressures, and this probably necessitates closer supervision of the

water treatment.

Your Sub-Committee has considered the materials of boiler construc-

tion, with particular reference to the A.R.A. specifications, and we cannot

at this time suggest any modifications which, to our knowledge, would

alleviate the present tendencies to corrosion and pitting, which result

from the use of feed-water of undesirable composition. We do consider

it imperative that the specifications be adhered to, as failure to do this

may result in the use of non-homogeneous material which may set up

detrimental electrolytic currents leading to corrosion.
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Appendix D

THE COST OF IMPURITIES IN LOCOMOTIVE WATER
SUPPLY AND THE VALUE OF WATER TREATMENT

G. H. Koyl, Chairman, Sub-Committee ; R. C. Bardwell, W. M. Barr,

O. W. Carrick, R. W. Chorley, R. E. Coughlan, B. W. DeGeer, J. P.

Hanley, W. H. Hobbs, P. M. LaBach, O. T. Rees, H. H. Richardson,

D. A. Steel, C. P. VanGundy.

The work assigned to this Sub-Committee has three major sub-

divisions: (1) Determination of the value of clean soft water in locomo-

tive service; (2) Establishment of the relative value and proper field

of each of the different methods of water treatment; and, (3) Study of

the costs of blowing off, washouts and water changes. This paper covers

only the first sub-division of the subject, the Determination of the

Cost of Impurities in Locomotive Feedwater and the Value of Water

Treatment. The second and third sub-divisions we had not time to

work up this year.

Before presenting the information which we have collected on the

cost of impurities in locomotive feedwater, we wish again to direct at-

tention to the commanding importance of locomotive feedwater in any

scheme of steam railroading. The operation of the railroad depends on

the locomotive, and the efficiency of the locomotive depends principally

on the character of the feedwater.

To make plain why the cost of impurities in locomotive feedwater

is now so high, we copy a table from the published reports of one of

the railroads showing the very great increase in the cost of locomotive

repairs since the year 1910.

Cost of Repairs for Steam Locomotives Owned

Number Cost Per Cost Per 1000

of Loco- Locomotive Cost Per Tract. Eff.

Year motives Per Year Mile—Cents Ton Miles

1910 1644 $1,722 5.98 2.49

1911 1709 1,912 7.11 2.84

1912 1812 2,195 8.82 3.39

1913 1952 2,601 9.20 3.17

1914 1967 2,780 9.50 3.28

1915 1983 2,577 9.09 3.13

1916 1981 3,261 10.56 3.64

1917 1934 4,318 14.40 4.80

1918 1843 7,174 25.99 8.12

1919 1849 7,603 28.55 8.40

1920 1866 9,362 34.38

1921 1997 7,232 32.71

1922 2039 5,986 25.50

1923 2096 6,648 26.42
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The Value of Water Treatment

Continuing the progress report of last year, your Committee is now
able to present some relatively exact data of the cost of impurities in

locomotive feedwater, the data having been supplied by railroads which

have made installation of water treating plants within the past five

years and have kept account of the money value of at least some of

the accruing benefits. We are not able to make a curve showing the

cost as a function of the amount of impurities, because not one road

reports the total cost and the omitted items vary; but not one road shows

annual savings less than the total cost of the water treating equipment.

A very moderately impure water, of say 12 to 15 grains per gallon

of incrusting solids, is likely to injure the operation of a road to the

amount of $2000 per locomotive per year ; and the cost rises with the

increase of impurities to practically prohibitive figures at $20,000 to

$25,000 per locomotive per year. The term "prohibitive" is used, not be-

cause that much expense would ruin a railroad, but because when loco-

motives require that much attention per year they are practically useless

for the movement of traffic.

We have chosen "Savings per Locomotive per Year" as a unit of

measure most easily remembered because the amounts are in whole num-

bers ; and we cite below the data from roads which have reported in

dollars.

Wabash Railway

The Wabash, with 2489 miles of road and 648 locomotives, converts

its 15-grain-per-gallon hard water into soft water by 113 water treating

plants using soda-ash only, and reports savings of $1647 per locomotive

per year as follows:

"Reduction in
Firebox renewals, 68 at $1500 $ 102,000

Staybolt renewals, 31,750 at $2 63,500

Boiler repair force 30% 225,000

Boiler washouts at $5 132,000

Fuel 5% 258,000

Boiler failures at $150 142,500

No. of locomotives (Int. and Dep.) 144,000

Total saving .'. $1,067,000

Saving per engine per year $ 1,647

Savings Not Counted
Reduction in flues purchased.
Reduction in arch tube renewals.
Increased and more dependable train movement."

The value of dependable train movement has not yet been evaluated

nor even approximated, but experienced operating officers would prob-

ably estimate it as high as the sum of all the other items.
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The cost of a boiler failure on the road, meaning that the engine

gave up its train, has not been averaged for any road so far as we
know. One such failure may cost $50 and the next, with perishable

freight, may cost $3000. In the meantime we all use $150 as a first ap-

proximation.

Chicago & Alton Railroad

The Chicago & Alton, with 1052 miles of track, 341 locomotives,

and 51 water treating plants using soda-ash only, installed between March
and November, 1922, reports 32 per cent reduction in boiler repairs, 6

per cent in fuel, and other reductions, which make an annual total of

$354,464, which can be vouched for, with probability that the total will

reach $657,000, or an average of $1927 per locomotive per year.

Hocking Valley Railroad

On the Hocking Valley, the Division of 121 miles from Columbus,

Ohio, to Toledo has seven treated water stations, and reports that flues

and fireboxes now last three times as long as with untreated water aver-

aging 22 grains per gallon, that scale is almost eliminated, and that

there is a 20 per cent reduction in fuel. From the data given we esti-

mate a minimum saving of $2500 per year per locomotive on that Di-

vision.

Missouri-Kansas-Texas Railroad

The waters of the M.K.T. are not bad as western waters go, averag-

ing only about 14 grains per gallon of incrustants, but illustrate what

damage results from a small amount of impurity. On this road there

was one water treating plant in operation in 1920, two in 1921, nine in

1922, and 80 plants Avere constructed during 1923, making a total of

89 water treating plants in operation in 1924 for a total of 159 water

stations equipping 3202 miles of railroad.

The total investment in water treating facilities was $281,843. On a

passenger-car-mile and thousand-gross-ton-mile basis, the fuel perform-

ance for the first seven months of 1924 was 10.6 per cent better in

passenger service and 16.4 per cent better in freight service than for the

corresponding months in 1923. This represents a saving of approximately

$285,000 for the system for the seven months' period, and while entire

credit for this saving is not claimed for water treatment, yet the improve-

ment in water was doubtless the most important factor in making it

possible. Leaky flues and fireboxes are getting very scarce and boiler failures

on the road have been reduced from one every 72,185 miles to one

every 317,513 miles, these few being due to pitted flues. A continuous

passenger run of 869 miles is made regularly from Franklin, Mo., to San

Antonio, Tex., and some of the freight runs have been doubled in length.

The only district on the system which has been equipped for one

year is the "Texas Central," running northwestward from Waco to Rotan,

which is the worst district on the road, the waters averaging 18 grains

per gallon of incrustants, of which 10 grains is carbonate and 8 grains
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sulphate. It is estimated that on this district the saving in boiler work
and material amounts to $2500 per engine per year, and that the saving

in fuel and reduction in transportation expenses due to better engine per-

formance will bring this saving to at least $3000 per engine per year.

Perhaps by next year we can get a similarly inclusive report for the system

as a whole.

Illinois Central Railroad

This railroad has provided clean soft water on its Iowa Division,

and the report of savings is noticeable because it is taken from the an-

nual summary of the railroad, because it includes the saving in oil, over-

time, enginehouse expense and supplies, and because it presents for

comparison the corresponding record of an adjoining Division which

had no change in waters.

On the Illinois Central Railroad the Iowa Division and the St.

Louis Division have each approximately 520 miles of track. The waters

on the Iowa Division average 24 grains per gallon of incrusting solids,

and on the St. Louis Division only 7 grains. In January, 1922, the Iowa

Division was fitted with lime-soda water treating plants to the extent

of 54 per cent of the water used, while the remaining 46 per cent of

the water was temporarily treated with soda-ash or boiler compound
in the boilers. On the St. Louis Division no change was made in the

waters.

At the end of two j'ears, January, 1924, comparison was made of

the "Cost of Operating and Maintaining Locomotives" for two years

before the installation of water treating and the two years after. The
two years before were averaged, and the two years after, and it was

found that the "Cost of Operating and Maintaining Locomotives" on

the Iowa Division had decreased with the use of treated water $3536

per locomotive per year. But when similar comparison was made for

the St. Louis Division it was found that the Cost of Operating and

Maintaining Locomotives had decreased only $95 per locomotive per

year.

The safety and the value of this form of report rest on the com-

parison with an adjoining Division where it is reasonable to suppose that

changes in wage rates and in amount of business had similar effects on

the cost of operating and maintaining locomotives.

It should be noted also that only 54 per cent of the water of the

Iowa Division was completely treated, though the betterment is distributed

among all the locomotives of the Division and we are not advised what

proportion of the locomotives received the treated water. It is certain

that if the savings had been credited to the engines of the treated dis-

trict only, the results per engine would have been much higher. This

Division is now completely treated, and next year we can probably pre-

sent more exact data.



384 Water Service

The tables from the Illinois Central are copied in full in this report

and are followed by a form of table computed by the Committee to

show the savings in the diflferent items. It will be seen that the saving

in fuel is the most important item, amounting to nearly $l400 per loco-

motive per year, that saving in general repairs is nearly $700, in round-

house expense $800, and in overtime $500. These relations depend on

the kind of water and might be entirely different for another road or

even another Division of this road.
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Illinois Central Railroad—Iowa Division
Cost of Operating and Maintaining Yard, Passenger and Freight

Engines for Years 1920-21-22-23 Compared

Yard Engine—Repairs
Yard Enginemen
Fuel for Yard Engines .'....'..'..'.'.

Water for Yard Engines
Lubricants for Yard Engines
Other Supplies for Yard Engines

.

Enginehousemen—Yard
Enginehouse Supplies—Yard
Total Cost Operating and Maintaining
Yard Engines

Average number Yard Engines in use
Average Cost Each, Operating and Main-

taing Yard Engines
Yard Snitching—Engine Jliles
Average Cost Per Switch Engine Mile. . .

.'.

Passenger Engine—Repairs
Passenger Enginemen
Fuel for Passenger Engines •

[',

Water for Passenger Engines
Lubricants for Passenger Engines
Other Supplies for Passenger Engines. .....
Enginehousemen—Passenger
Enginehouse Supplies—Passenger ...

1920

Total Cost Operating and Maintaining
Passenger Engines

Average Number Passenger Engines iii use
Average Cost Each Operating and Main-

taining Passenger Engines
Total Passenger Engine Miles .

.

Average Cost Per 100 Passenger Engine
Miles

Freight Engine—Repairs
Freight Enginemen
Fuel for Freight Engines .'

Water for Freight Engines
Lubricants for Freight Engines
Other Supplies for Freight Engines.
Enginehousemen—Freight
Enginehouse Supplies R-eight

Total Cost Operating and Maintabin"
Freight Engines

Average Number Freight Engines in Use..
Average Cost Each, Operating and Main-

taining Freight Engines
Total Gross Ton Miles (Thousands)' "." "

Average Cost Per 1 ,000 Gross Ton Miles ...

.

Total Cost Operating and Maintaining 3
Classes Engines

Total Average Number Engines—3 Classes—in Use
Average Cost Each, Operating and Main-

taining for 3 Classes Engines 33,635 51

86,901.21
116,852.05

140,910.60
9,803.62

3,722.81
2,096.69

63,801.17

13,872.00

437,960.15

22

19,907.28
474,460.00

.923

267,217.97
125,688.43

210,559.11
13,408.08

9,728.29

2,086.22

73,447.64
14,466.24

716,601.98

18

39,811.22

1,042,579

68.73

453,955.96

302,432.40
633,369.71
40,525.38

9,408.69
4,492.23

159,748.23

33,252.72

1921

1,637,185.32

43

38,074.07

1,670,006

2,791,747.45

83

94,050.97
103,747.44
110,316.39

8,219.10
3,507.28
1,422.66

53,349.96

12,999.54

387,613.34
20

19,380.67

402,466.00
.961

224,447.45

124,693.12
181,319.59

11,544.27

12,588.30

1,925.11

65,414.65

12,911.65

634,844.14
18

35,269.12

1,020,982

62.18

398,453.09
249,690.90
547,899.34
34,620.54
11,235.85

4,504.49

122,998.79

27,193.82

1,396,596.82

48

29,095.77

1,558,295

.89

2,419,054.30

86

28,128.54

1922

112,485.17

101,377.23
105,378.62

7,978.07

2,750.58

1,032.49

51,204.25

14,575.55

396,781.96

18

22,043.44
385,385.00

1.03

211,020.35
115,4.59.56

186,668.52

11,870.02
7,242.13

1,624.33

55,869.72

13,726.36

603,480.09

20

30,174.05

1,022,730

59.01

445,585.11
247,636.98
498,956.10
31,276.22

8,657.48
5,574.51

97,310.26

26,988.24

1,361,984.90

47

28,978.40

1,702,888

2,362,247.85

85

27,791.15

1923

91,869.71

111,928.64
114,964.64
10,489.56

2,203.79

1,111.54

51,837.50

14,674.19

399,169.57
20

19,958.48

430,057.00
.928

218,306.91

114,834.54
189,736.23

15,230.02
5,719.51

1,757.02

57,521.26

13.364.01

616,469,50
22

28,021.34

1,012,863

60.86

379,950.50
281,938.89

553.420.81
44,162.65

7,084.56

4,783.72

104.998.88
28,984.99

1,405,325.00

48

29,277.60

1,918,986

.732

2,420,964.07

90

26,899.60

Average Cost Per Switch Engine—Oper-
ating and Maintaining

Average Cost Per Switch Engine' Miles
-Operating and Maintaining

Average Cost Per Passenger Engine^
Operating and Maintaining. . .

Average Cost Per 100 Passenger Engine
Miles—Operating and Maintaining

Average Cost Per Freight Engine—Oper-
ating and Maintaining

Average Cost Per 1,000 G. 't. "liiiies—
Operating and Maintaining.

.

Average Cost Per Engine—3 Classes-
Operating and Maintaining. .

Division Mileage ]["
'

"A"
1920 and 1921
Combined

19,643.97

.942

37,540.17

65.45

33,584.92

.935

30,882.02
628

"B"
1922 and 1923
Combined

21.000.96

.979

29,097.69

69.93

29,128.00

.765

27,345.37

528

Increase or
Decrease

"B" over "A'

Inc. 1,356.99

Inc. 0.37

Dec. 8.442.48

Dec. 6.S2

Dec. 4,456.92

Dec. .17

Dec. 3,536.65
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Illinois Central Railroad—Iowa Division

Cost of Operating and Maintaining Locomotives—^Years 1920-21 with

Hard Water, and 1922-23 with Treated Water

All Locos.
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Illinois Central Railroad—St. Louis Division
Cost of Operating and Maintaining Yard, Passenger and Freight

Engines for Years 1920-21-22-23 Compared

Yard Engine—Repairs
Yard Enginemen
Fuel for Yard Engines
Water for Yard Engines.
Lubricants for Yard Engines
Other Supplies for Yard Engines
Enginehbusemen—Yard
Enginehouse Supplies—Yard

Total Cost Operating and Maintaining
Yard Engines

Average Number Yard Engines in Use
Average Cost Each, Operating and Main-

taining Yard Engines
Yard Switching—Engine Miles
Average Cost Per Switch Engine Mile

Passenger Engine—Repairs
Passenger Enginemen
Fuel for Passenger Engines
Water for Passenger Engines
Lubricants for Passenger Engines.
Other Supplies for Passenger Engines
Enginehousemen—Passenger
Enginehouse Supplies—Passenger

Total Cost Operating and Maintaining
Passenger Engines

Average Number Passenger Engines in Use.
Average Cost Each, Operating and Main-

taining Passenger Engines
Total Passenger Engine Miles
Average Cost Per 100 Passenger Engine
Miles

Freight Engine—Repairs
Freight Enginemen
Fuel for Freight Engines
Water for Freight Engines
Lubricants for Freight Engines
Other Supplies for Freight Engines
Enginehousemen—Freight
Enginehouse Supplies

Total Cost Operating and Maintaining
Freight Engines

Average Number Freight Engines in Use..
Average Cost Each, Operating and Main-

taining Freight Engines
Total Gross Ton Miles (Thousands)
Average Cost Per 1,000 Gross Ton Miles

Total Cost Operating and Maintaining
3 Classes Engines

Total Average Number Engines—3 Classes
in Use

Average Coat Each, Operating and Main-
taining. For 3 Classes Engines

1920

277,578.15

434,222.66
379,267.97
21,152.19

8,122.97
8,925.51

203,744.10
40.465.47

1,373,479.02

51

26,930.96

1.469,483

.935

330.381.32
171,085.73

269,898.02

15,082.18

7.018.84

5,366.82

92.615.46
16,026.49

907.474.86
26

34,902.88

1,299.450

69.84

734,734.23

,623,434.25
962,831.41
54.376.83

18,945.41

13,051.50
200,412.42
38,287.62

2.646,073.67
92

28,761.67

3,828,273
.691

4,927,027.55

169

29,154.01

1921

229.100.63
376,432.16
313,077.25

25,323.67
6,873.74

6,261.54
147,186.06

36,732.65

1.140.987.70

56

20,374.78

1,758,972
.649

364,715.18

175,734.62
264,768.56
20,946.62

8,524.10
4.670.23

73.780.85
16,635.74

929.775.90
27

34,436.14

1.304,509

71.27

741,721.18
493,266.76
766,565.03
61,686.93

17,609.00
10,465.52

138,078.37

32.716.63

2,062,109.42
94

24,064.99

3,276,463
.690

4.332,873.02

177

24.479.51

1922

255.828.26
426.263.43
330.397.12
22,447.42

6,903.33

5,823.57

142,818.38
39.904.44

1,230.385.95

60

20,506.43

1,725.909

.712

327.666.24
170,910.38

283,555.14

19,807.43

6,661.82

4,421.91

62,652.58

15,846.55

891,522.05
27

3.3,019.34

1,334,361

66.81

843,373.04

621,086.18
990,457.43

67,885.58
14,611.00

14,758.79

133,381.68

33,083.79

2,718,637.49

97

28,027.19

4,169,120
.652

4,840,545.49

184

26.307.31

1923

331.456.77
541.146.35
440.667.06

30,596.75
8.052.85

7.749.97

186.460.63

46,756^4

1,592.887.02

71

22.435.03

2,081,852
.765

373.14J.38
191,926.30
319,837.19

22,634.49

7.882.73

6.122.34

67,816.53
14.014.20

1,003.383.16

35

28.668.09

1.473.844

1,030,802.30

703,655.24
1,103,535.12

76,153.60
14,514.18

17,564.99

146,701.17

36,048.17

3,128,974.77
105

29,799.76

4,427,513

.707

5,725.244.95

211

27,135.86

"A"
1920 and 1921
Combined

Average Cost Per Switch Engine—Oper-
ated and Maintaining

Average Cost Per Switch Engine Miles

—

Operating and Maintaining
Average Cost Per Passenger Engine

—

Operating and Maintaining
Average Cost Per 100 Passenger Engine

—

Miles Operating and Maintaining
Average -Cost Per Freight Engine—Oper-
t ated and Maintaining
Average Cost Per 1,000 G. T. Miles-
Operated and Maintaining

Average Cost Per Engine—3 Classes

—

Operating and Maintaining
Di vision Mileage

23,652.87

.782

34,669.51

70.56

26,413.33

.691

26,816.76
514

"B"
1922 and 1923
Combined

21,470.73

.738

30,843.77

67.45

28,913.47

.679

26.722.09

514

Increase or
Decrease

"B" over "A"

Dec. 2.182.14

Dec. .044

Dec. 3.825.74

Dec. 3.11

Lie. 2.500.14

Dec. .012

Dec. 94.87
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Illinois Central Railroad

Cost of Operating and Maintaining Locomotives on St. Louis Division

—with Good Natural Water

fill Locos.

Repairs
Enginemen
Fuel
Water
Lubricants
Other Supplies
Engine House Expense

Total Cost
Average Number Engines
Average Cost Per Engine

Average Cost of Items Per Engine

Repairs
Enginemen
Fuel
Water
Lubricants
Other Supplies
Engine House Expense

Total Cost Per Engine

1,342,693.70

1,228,742.64

1,611,997.40

90,611.20
34,087.22

27,343.83
591,551.56

4,927,027.55

(169)

29,154.01

7.944.93
7,270.67

9,538.45
536.16
201.70
161.80

3,500.30

29,154.01

1,335,536.99

1,045,433.54

1,344,410.84

107,957.22

33,006.84
21,397.29

445,130.30

4,332,873.02

(177)

24,479.51

7,545.41

5,906.41

7,595.54

609.93
186.48

120.89

2,514.85

24,479.51

1,426,867.54

1,218,259.99

1,604,409.69

110,140.43

28,176.15
25,004.27

427,687.42

4,840,545.49

(184)

26,307.31

,754.71

,620.98

,719.62

598.59
153.13
135.89

,324.39

26,307.31

1923

1,735,408.46

1,436,727.89

1,864,039.37

129,384.84

30,449.76
31,437.30

497,797.34

5,725,244.05

(211)

27,133.86

8,224.68

6,809.14
8,834.31
613.20
144.31

148.99

2,359.23

27,133.86

Average of
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Chicago, Milwaukee & St. Paul Railway

The Chicago, Milwaukee & St. Paul Railway reports the result in three

cases of water treating. The first is that of the switch engines located at

Montevideo, on the main line in western Minnesota, where the raw water is

taken from a dirty stream averaging 20 grains of incrusting solids, and

sometimes organic matters, and where a lime-soda water treating plant was

installed a few years ago. The following statement of savings in repairs

and coal is computed from the detailed report of the local boiler fore-

man who had worked with the old water and the new.

Savings Per Switch Engine Per Year

Working flues, $8.40 per week $ 450 per year
Renewing arch tubes, $36 per month 432 " "

Renewing flues 250 " "

New firebox at $2,700 every 1^ years 1,800 " "

One ton of coal per day at $4 1,200 " "

$4,132

The second report from the Chicago, Milwaukee & St. Paul Railway

is the result of having treated 75 per cent of the waters of the Sioux City

& Dakota Division, mostly in South Dakota. The untreated waters aver-

aged 50 grains per gallon of incrusting solids and were of a kind very

destructive of boiler tightness. The method of report of the Illinois Central

was utilized as far as possible in evaluating the improvement in this case,

but the form of accounting was changed on the Chicago, Milwaukee &
St. Paul in 1920 and it was necessary to start the table in 1921.

The water treating plants were built during 1921, and the average

benefit to the locomotives in 1921 over 1920 is estimated at $2000 each.

The general tables, showing an improvement of $4443 per locomotive

per year as the average of 1922-23 over 1921, are copied into the report,

with the statement that the average of 1920-21 is believed to be $1000

higher than the figures for 1921, and that the improvement due to treat-

ing 75 per cent of the water of this Division may be conservatively set

at $5443 for each locomotive of the Division. A similar report for the

Iowa Division of the Chicago, Milwaukee & St. Paul Railway is also

given to show the changes in costs not due to water treatment. The

comparatively small lessening in cost of $525 per engine on the Iowa

Division is the justification for believing that the additional saving of

$5000 per engine on the S. C. & D. Division was due to the better water.

The third statement of the Chicago, Milwaukee & St. Paul Railway

is derived from a report made two years ago of the result of complete

water treating on an engine district of 130 miles on the Iowa and Dakota

Division also mostly in South Dakota. Here all the waters were treated,

and account is taken of at least a portion of the remarkable economies

in operation which followed the change in waters. The original report

gives the total saving as $9000 per locomotive per year and considers

it an absolute minimum. On these two Divisions, no charge is made

for the boiler failures on the toad which in winter nearly paralyzed traffic.
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Chicago, Milwaukee & St. Paul Railway—S. C. & D. Division

Cost of Operating and Maintaining Yard, Passenger and Freight

Engines for Years 1921-22-23, Compared

Acct.
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Chicago, Milwaukee & St. Paul Railway

Cost of Operating and Maintaining Locomotives on the S. C. & D.

Division

All Locos. 1921

Repairs $ 662,492.31

Enginemen 305,468.21

Fuel 468,574.20

Water 35,941.45

Lubricants 14,328.61

Other supplies 7,263.12

Engine house expense 240,746.41

Total cost $1,734,814.31

Average No. engines in use.... (63)
Average cost per engine $ 27,536.73

Average Cost of
Items per Engine
Repairs $ 10,515.75

Enginemen 4,848.70

'Fuel 7,437.69

Water 570.50

Lubricants 227.44

Other supplies 115.29

Engine house expense 3,831.37

Total cost per engine $ 27,536.74

"A"

1921

Repairs $ 10,515.75

Enginemen 4,848.70

Fuel 7,437.69

Water 570.50

Lubricants 227.44

Other supplies 115.29

Engine house expense 3,821.37

Totals $ 27,536.74 $ 23,093.09— $ 4,443.65
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Chicago, Milwauker & St. Paul Railway—Iowa Division

Cost of Operating and Maintaining Yard, Passenger and Freight

Engines for Years 1921-22-23, Compared

Acct.
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Chicago, Milwaukee & St. Paul Railway

Cost of Operating and Maintaining Locomotives on the Iowa Division

All Locos. 1921 1922 1923
Repairs .$1,118,849.01 $1,161,810.34 $1,243,645.10
Enginemen 619,270.89 637,422.95 696,495.24
Fuel .'. . 1,272,075.52 1,259,558.66 1,055,927.48
Water 37,973.32 40,481.24 51,305.35
Lubricants 35,075.70 31,634.64 26,271.38
Other supplies 17,556.11 16,849.85 17,146.68

Engine house expense 379,896.11 378,491.05 370,218.72

Total cost $3,480,696.64 $3,526,248.73 $3,461,009.95
Average No. engines in use , (114) (120) (113)
Average cost per engine $ 30,532.43 $ 29,385.41 $ 30,628.41

Average Cost of
Items per Engine
Repairs $ 9,814.47 $ 9,681.75 $ 11,005.71

Enginemen 5,432.20 5,311.86 6,163.67
Fuel 11,158.57 10,496.32 9,344.49
Water 333.10 337.34 454.03
Lubricants 307.67 263.62 232.49
Other supplies 154.00 140.43 151.75
Engine house expense 3,332.42 3,154.09 3,276.27

Total cost per engine $ 30,532.43 $ 29,385.41 $ 30,628.41

"A"

1921

Repairs $ 9,814.47

Enginemen 5,432.20

Fuel 11,158.57

Water 333.10
Lubricants 307.67
Other supplies 154.00

Engine house expense 3,332.42

Totals $ 30,532.43

"B"
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El Paso & Southwestern

The highest valuation is fixed by a report from the El Paso & South-

western R. R., made by the Chief Engineer, Mr. J. L. Campbell, con-

cerning a strip of 128 miles of road on which mountain water was sub-

stituted for very bad deep well water, with a saving of $2700 per mile

of road per year. We do not know exactly the number of engines on

that strip of road but we estimate the saving at approximately $20,000

per engine per year. This last case illustrates what can be done by the

substitution of the best water for nearly the worst, and shows the justi-

fiable expense for the purpose of keeping railroad locomotives always

ready for service.

In addition to the above we have reports from other roads, the

Atchison, Chicago & Northwestern, the Burlington, Kansas City Southern,

Missouri Pacific, Rock Island, and the Union Pacific, some of them

voluminous and worked up with care, but none showing anything like

complete results of water treating in terms which we can reduce to

dollars per locomotive per year, or per mile per year, or per gross ton

mile, or per engine mile. Yet they all show that the annual benefits from

water treating exceed the total cost of the plants, and that there are

few engine districts on the continent which would not be benefited by

having the locomotive water treated.

It is evident that on many roads the savings in repairs and fuel

considerably exceed the estimate by the A.R.E.A. method of charging

the damage due to a pound of scale at 13 cents. The A.R.E.A. method

is a safe guide because it is an under-estimate.
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Appendix E

STUDY AND REPORT ON THE USE OF LEAD AS COMPARED
WITH SUBSTITUTES FOR JOINTS IN CAST IRON PIPE

E. H. Olsen, Chairman, Sub-Committee ; W. B. McCaleb, A. B. Pierce,

E. M. Grime, P. M. LaBach, H. L. Roscoe.

The aim of this report is to offer a comparison between the

various materials used for "sealing the joints of bell and spigot cast-

iron pipe. This kind of pipe connection is the one in most general use

by railroads.

This form of connection was designed in 1785 by Thomas Simp-
son, of London, England, and ever since that time studies have been
made to determine suitable materials for' sealing.

The substance that has been in most general use is lead, others

being cement and composition. Wood and leadwool has been used
in a limited way only and for special purposes.

Lead.

Lead for caulking pipe joints has been in general use since the

bell and spigot joints were first adopted. Efforts have been made
from time to time to secure suitable substitute for the purpose of

reducing the cost of the joint and overcoming any objections that

might arise in the use of lead.

The method of making the ordinary cast lead joints consists of

lightly driving in jute or hemp into the joint and then after pouring

the molten lead chalk to insure complete filling of the space.

The lead joint has the advantage that it can be put into service

at once, of being easily removed and can be repaired, even under
pressure and of allowing the pipes to expand and contract without

fracture. On account of its extensive use, it is comparatively easy to

secure men who are familiar with its application.

Cement.

This has been in more or less general use since about 1886. In

making this joint the pipe is placed and spaced the same as for lead.

A backing of dry jute or hemp is used instead of oakum, as no backing

containing oils or greases should be used. The dry cement is placed

on a piece of canvas and moistened just enough so that when thoroughly

mixed by hand it will be of such a consistency that when gripped tightly

it will hold its form and when dropped 12 inches it will crumble.

The canvas containing the cement is placed under the bell and the

cement is tamped into place by hand with a caulking iron until the bell

is about half full. It is then caulked with heavy blows until the cement

is thoroughly packed in the back of the socket.

This process is continued until the bell is packed solid out to the

face. A small bead of neat cement, in a plastic condition, is then put on
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using the caulking iron as a trowel. As soon as the initial set of the

cement in the bead has taken place the joint is covered with earth to

protect it from the air and sun. In backfiUing the excavated material

when settled with water helps to cure the exposed portion of the joint.

The bead is essential, as the cement packed in the bell is so dry that

without protection it would absorb moisture from the water used in set-

tling the backfill. It is believed that should the joint develop seepage when

the pressure is put on in the main, the cement being dry would expand and

aid materially in keeping the joint tight.

Experiments on cement joints without the bead showed that 24 hours

after completion they absorbed water readily. In cases where seepage

has developed and has subsequently stopped it seems that the dry cement

absorbed the moisture from the inside, expanded and filled the seepage

pores.

About 20 per cent, of the cement is wasted by falling off the canvas or

being thrown out by the caulkers. If any material from the trench falls

on the canvass or in the cement, it is immediately taken out, together

with enough cement to make sure that the remainder is clean.

It is good practice to let the joint stand 48 hours before pressure is

applied.

In making repairs it is necessary to entirely cut out the old joint

and replace with fresh cement.

This material makes a very rigid joint and has been successfully

used where there is small pipe movement due either to temperature changes

or ground vibrations.

Composition.

This consists in general of a compound of iron, sulphur, slag, and

salt finely ground and thoroughly mixed and can be used for water and

gas mains, soil and sewer pipe.

This class of joint material began to be used about 1894.

It is melted and poured similarly to lead but no caulking is required.

It melts at about 400 degrees Fahr. Its weight is about 1/6 that of lead

and one pound of the composition will go as far as about four pounds of

lead. It is very desirable that the joint be made in one continuous pouring.

After cooling the joint becomes hard and vitreous.

In repairing it is generally best to entirely cut out and remove and

replace with fresh compound.

The joints should be yarned up with a dry yarn, free from oil, tar

or greases, as an oily or greasy yarn has a tendency to oil the bell and

spigot when it is forced in and prevents the sealing material from

adhering to the pipe.

There should be no froth or bubbles when it is poured. It should

be thoroughly mixed during and before pouring.

It is necessary to pour the material through a gate or funnel having

about a two inch outlet to give a good head and insure top of joint being
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completely filled. There should be 2J/2 inches of depth for composition

after yarning.

This material makes a joint a little less rigid than cement and
has been successively used where there is only small pipe movement.

Wood.

This class of material in the form of wedges has been used in a very

limited way for many years. Especially to break the flow of electric

currents in pipe lines.

Lead Wool.

This is lead in a fibrous form, can be used to advantage in wet
trenches, or on submerged pipes where it is difficult to use ordinary lead,

and for making repairs.

This material is caulked cold. Strands Yz inch in diameter and 2 to 3

ft. long are rerolled until fairly hard, with sHghtly tapered ends. The
rolling process reduces somewhat the original diameter of the strand.

Each strand is caulked separately, taking care to break joints.

When the face of the hub is reached it is desirable to finish the

joint with cast lead if possible.

It should be determined in advance the amount of lead wool to be

caulked into each joint and then make sure that no less is put in.

It can be caulked with a pneumatic hammer more economically than

by hand.

This material is often useful for making repairs. It is also the most
expensive joint.
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Conclusions

The material in most common use for sealing cast iron bell and spigot

pipe joints are: Lead, Cement and Composition.
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Lead.

This has been in use since the adoption of this kind of pipe con-

nections and is still the most favored material. It can be poured in all

kinds of working conditions and the joint is ready for immediate use.

It is the most flexible, malleable and least rigid of the three materials.

Leaks can be stopped by recaulking while the line is under pressure.

Cement.

This is next to lead the oldest sealing material and its use is gradually

increasing.

It makes the most rigid and least flexible joint of the three materials

(after complete setting of the cement in the entire joint).

It is necessary to let the joint set 48 hours before being placed in

service.

It should not be used in freezing weather nor in wet places.

It is not suitable to use where there is apt to be continual and exces-

sive ground movement or longitudinal pipe travel. However, it has been

successively used for lines that run parallel with and underneath main

line tracks. There should be at least four feet between base of tie and

top of pipe, and, if possible, there should be no joints under the ties.

The material will not squeeze out of joints. It makes a connection

so strong that the pipe generally breaks before the joint opens.

The complete joint generally costs less than lead.

Composition.

This is the newest of pipe joining materials and its use is gradually

increasing.

It makes a joint less flexible than lead but more flexible than cement.

It is more rigid than lead and less rigid than cement. It will not squeeze

out.

It has been used successively along tracks and under them and pipe

joints under ties should be avoided.

There should be at least four feet between base of tie and top of pipe.

The complete joint generally costs less than lead.

Appendix F

THE RELATIVE MERITS OF THE DIFFERENT METHODS
OF DEEP WELL PUMPING

H. H. Richardson, Chairman, Sub-Committee ; J. M. Fitzgerald, E. M.

Grime, F. D. Yeaton, B. W. DeGeer, F. J. Walter.

The Committee reports progress on this subject and expects to sub-

mit a final report next year.
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Appendix G

HYDRAULIC RAMS FOR USE IN RAILWAY WATER
SERVICE

R. C. Barchvell, Chairman, Sub-Committee
; J. M. Fitzgerald, C. H. Fox,

E. H. Olsen, H. L. Roscoe.

The Hj-draulic Ram is primarily a device by which the momenlum

of water flowing by gravity through a pipe is utilized to lift a portion

of itself or other water through another pipe to an elevation greater

than the source of supply. The flow of water in the main, called the

drive pipe, is automatically checked by the closing of a valve at its foot.
_

With this valve open the water escapes freely from the drive pipe and

is wasted, but in a short space of time sufficient momentum is attained

to close this valve. This sudden stoppage of the flowing water acts so

as to open another valve, opening into an air chamber, which is located

over the foot of the main or drive pipe. The water partially fills this

chamber and in so doing compresses the air therein until the pressure in

the chamber just balances that of the column in the drive pipe. The

valve at the foot of the drive pipe then opens and the process is repeated.

The pressure of the compressed air in the chamber forces the water in

the bottom of the air chamber out through a small pipe to the desired

elevation. A small valve, commonly called the snifting valve, is provided

in the side of the air chamber to make good the losses due to the

absorption of air by the water. The operation from the closing of the

valve in the drive pipe until it closes once more is called the cycle of

the ram.

The ram, as above described, was invented by Joseph Michael dc

Montgolfier, of France, in the year 1796. However, during the year 1772

John Whitehurst, an Englishman, built a machine embodying the same

principles except that the valve at the foot of the drive pipe had to be

closed by hand. His device was described in the "Philosophical Trans-

actions" for the year 1775.

Since de Montgolfiers time many improvements have been made in

the machine, the most important of which, perhaps, have for their aim

the lessening of the shock due to the operation of the valves. Springs

have been used to that end, the drive pipe valve has been counterweighted,

a portion of the air compressed in the air chamber has been used to drive

a small air motor, so connected as to aid in the gentle closing of the

valve at each cycle.

Another improvement is the equipping of rams so that dirty water

may be used to lift clean water when the supply of the latter is scanty

or is not available under sufficient head.

The first hydraulic ram produced commercially in this country, as

near as can be ascertained, was made by Messrs. W. and B. Douglas, of

Middletown, Conn., in the early fifties. In the year 1856 Cowing and

Co. of Seneca Falls, N. Y., put a ram on the market and in 1857 the
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Goulds Manufacturing Co. began the manufacture of hydraulic rams.

At the present time, there are several companies who manufacture and

market equipment of this character which is giving satisfactory and

dependable service.

Application and Installation

In considering the use of hydraulic rams for railroad water supplies,

certain limiting conditions as regards the source of supply must first be

satisfied. Unless the source under consideration will afford a sufficient

quantity of water at all seasons of the year to meet the requirements

at the particular station, and also furnish the waste water required for

the operation of the ram, and unless a suitable difference in elevation

exists in the source of supply, or can be created at a reasonable expense,

hydraulic rams cannot be used. Fig. 1 shows two layouts which are

typical of those installations.

DRAIN PIPE

ARBANGENIENT OF DRIVE PIPE WHERE SOPPLY IS NEARBY

ARRANGEMENT OF DRIVE PIPE WHERE SUPPLY IS ATA DISTANCE

Fig. 1

—

Hydraulic Ram Installation

The quantity of water that must be supplied to a hydraulic ram to

pump a given amount of water will vary with the ratio of the supply

head to the pumping head. The attached chart. Fig. 2, has been prepared

to show these quantities for various deliveries expressed in gallons per

minute and for various values of the ratio hd, where hd equals the delivery

H
head above the waste valve of the ram and the H the supply head above

the same level. It will be noted that as the ratio hd increases, the quantity

H
of water which must be available from the source of supply under con-

sideration increases rapidly, in order to pump a given quantity. For

example, where the ratio hd equals 2 a ram will pump one-third of the

H
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quantity supplied to it, however, when the ratio ha equals 10, only one-

H
fifteenth of the amount supplied will be pumped. These limitations, there-

fore, confine the use of hydraulic rams to surface streams, springs, or

artificial lakes, and may in certain cases require the construction of an
impounding reservoir to insure an adequate supply of water to operate

the ram at all seasons of the year.

2. o
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Hydraulic rams are made in commercial sizes requiring from 5 to

700 gallons of water per minute for their operation, the upper limit in

size being determined by the size of the waste valve which can success-

fully withstand the excessive shocks to which it is subjected. Where a

single ram will not furnish the required amount of water, two or more

may be installed in batteries discharging into a single delivery main.

Probably the most important features in the installation of a ram

are the size and length of the drive pipe or supply line. For efficient

operation the waste valve is adjusted so that the maximum velocity in

the drive is approximately 0.4 V/w. The average velocity in the drive

pipe is, therefore, approximately 0.2^ hd and the pipe size should be such

as to produce this average velocity. Inasmuch as the function of the

drive pipe is to create momentum in the column of water, it should permit

of a rapid acceleration of the water. For this reason bends, changes in

section or size, and other obstructions should be avoided as far as pos-

sible and where bends are necessary it will be found more satisfactory

to make a long easy bend in the pipe line than to use standard short

radius fittings. If strainers are used at the inlet, they should be of

sufficient size and length to reduce the loss of head at entrance as much

as possible. In extremely cold climates the use of these strainers may
prove objectionable, due to the formation of needle ice.

The proper length of drive pipe is due first consideration in setting

a ram. However, on account of the complicated laws governing the

rate of waste valve closure, and the laws of water hammer, the pro^em

does not admit of simple mathematical calculation. These lengths have,

therefore, usually been made in accordance with manufacturers' empirical

rules and even here there is a very considerable lack of uniformity in the

method of determining the proper length. If too long a drive pipe is

installed, the required velocity in the pipe will not be created as quickly

and the efficiency of the machine will be lowered. On the other hand,

if the drive pipe is too short, a certain amount of the kinetic energy

created will be lost by kicking out the upper end and the amount of

water pumped will be lessened correspondingly. Fortunately the diiifer-

ence between a drive pipe too long and one too short is not a matter of

a few feet, and the attached chart, Fig. 3, showing the relation between

L
the factors ha and —, has been prepared from empirical data. It is be-

— hd
H

lieved that the drive pipe length as determi'ned by the chart will produce

efficient operation of the ram, especially when it is considered that further

adjustments can be made in the travel of the waste valve which will

increase or decrease the energy created ; however, it should in no case

be less than 30 feet nor more than 250 feet. Where rams are installed

in batteries, separate drive pipes should be laid to each ram. It will usually

be found expedient to place a quick opening gate valve in the drive pipe

close to the ram.
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The ram itself should preferably be set in a pit at the proper drive

pipe distance from the source of supply, with suitable provisions for

draining the pit of the waste water. In the event conditions are such as

to prevent constructing the pit at the drive pipe distance from the source,

it may be placed at some other convenient point further away, provided

a stand pipe or small auxiliary reservoir is constructed in the pipe line
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at the critical distance from the ram. In the latter case, the size of the

pipe from the source to the standpipe should be increased one or two

sizes and the standpipe should be of such height as to extend above the

level of the water at the source of supply and be provided with a suitable

air vent at its top, preferably made by a short return elbow. The ram

pit or houses should be of such size as to afford easy access to all parts

of the ram for repairs and in cold climates should be so constructed as

to give ample protection against freezing.

As the ram will operate continuously, suitable overflow provisions

must be made at the roadside storage tank.

Inasmuch as each size ram required a minimum amount of water for

its successful operation, the proper size to use in any particular installa-

tion must be determined from the available amount of water at the

source. If an impounding reservoir is not constructed to regulate the

supply available at all seasons of the year, the minimum supply require-*

ment of the ram must not exceed the available supply during periods of

extreme dry weather. Where the ratio of the supply head to the delivery

head is high, it will usually be found that more satisfactory results can

be secured through the installation of two smaller units operating as a

battery in lieu of a single larger unit.

The continuous operation of a ram requires the maintenance of a

suitable air cushion in the air chambfer. This is usually accomplished

by placing an air snifting valve just below the check or discharge valve

so that air is drawn into the ram upon the closing of the check valve

when a partial vacuum is created due to the rebound of the water column.

If the air cushion is destroyed, no water will be pumped. It will usually

be found that, if a ram ceases to pump with the waste valve open, the

air chamber has become water logged. On the other hand, the stopping

of a ram with the waste valve closed usually indicates too short a drive

pipe.

Check of 20 installations of hydraulic rams, which have been in

service at water stations on American Railroads from two to fifteen

years, indicates that this type of equipment will give very satisfactory

results at low cost where conditions are favorable. By taking advantage

of the low operating head and short drive pipe it is often possible to

eliminate a long and costly gravity line. The operating charges are noth-

ing, the maintenance is low. The wearing parts are few and easily re-

paired. The only trouble mentioned was in connection with stud bolts

working loose. No trouble has been experienced with freezing, even on

the extreme Northern roads. About the only attention found necessary

has been an annual or semi-annual inspection by water service repairman.

Where the installation has been properly made it is adequate, dependable,

and a near approach to fool proof.

The saving which can be effected by installations of this type must

necessarily be calculated for the individual station. The comparison will

involve the interest and depreciation charges on the capital expenditure

involved for the ram installation plus a nominal yearly inspection and
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maintenance expense, against the labor, fuel, and maintenance costs at

power stations, or the interest and depreciation on the more expensive

gravity installations.

Conclusions

The hydraulic ram has been found to make a very serviceable and

economical installation for railv^^ay water supply where local and indi-

vidual conditions will permit the workable application.

It is recommended that installations of this type be given greater

consideration where operating conditions are favorable.
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Appendix H

THE RELATIVE ECONOMY OF DIFFERENT METHODS
OF PUMPING WATER, CONSIDERING THE USE
OF STEAM, ELECTRICITY AND OIL PUMPING
OUTFITS AND THE PURCHASE OF WATER

AS COMPARED TO PUMPING

J. P. Hanley, Chairman, Sub-Committee; O. W. Carrick, J. M. Fitzgerald,

P. M. LaBach, A. B. Pierce, F. D. Yeaton.

The methods of pumping water on railroads are changing. Fifty years

ago it was rather common practice to pump water for the average sized

Railroad Water Station by handpower or horsepower. The pump used

in the former instance had a long handle for hand operation and re-

sembled the old style village fire pump that was manned by a volunteer

crew when the fire alarm sounded. The pump used in the latter instance

was a piston pump attached to one end of a beam, to the other end of

which a single horse was hitched which traveled around in a circle pulling

the beam and thus imparting motion to the pump.

The railroads have used steam pumps, gasoline pumps and windmill

pumps and are now well started on the use of oil engines and electrically

operated pumps. The variety of the dififerent methods for supplying

water at present is illustrated by one Railway System which has 145

steam pumping stations, 30 oil engine operated stations, 14 gasoline oper-

ated stations, 20 electrically operated stations, 2 stations supplied by wind-

mills, 3 stations where the roadside tank is filled by the pressure flow

from artesian wells and 104 stations suppHed by City water.

This investigation deals with the relative cost of pumping by steam,

oil and electricity as compared with the cost of city water and your

Committee sent out questionnaires to various railroads requesting that

tests be made and information furnished which would show the cost of

developing a water horse power under each method of pumping as well

as the cost of pumping per 1000 gallons and the rates paid by these

railroads for city water on their respective lines.

A summary of the replies received from these questionnaires show-

ing in condensed form the cost of pumping per 1000 gallons, and the cost

per water horse power hour under each of the power methods mentioned,

is attached for your consideration.

While these tests indicate that the oil engine is the cheapest method

for pumping water, we realize that there are many variable conditions

to be encountered in railway water service, and for this reason any hard

and fast recommendations for one method of pumping only would not

be advisable in all cases, and we suggest that railroads contemplating

water station construction should make a comparative estimate for each

job contemplated which should show the annual cost per 1000 gallons for

furnishing water under each of the four methods now being considered

in order to decide on which method they should use.
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This estimate should be as follows

:

City' Water
Estimate to exclude tanks, water columns and water column mains.
Cost of supply lines from main to tanks, $
Interest and depreciation on same at % per year $
Cost of insurance and taxes per year, $
Cost of repairs to supply lines per year, $
Cost of estimated amount of water used per year at

agreed rate $
Total amount city water used per year. Gallons
Total average cost per 1000 gals, per year, including

interest and depreciation repairs and cost of water $

Ste.\m, Oil axu Electrically Operated Water Stations

1. Estimate for each type of station.

Estimate to exclude tanks, water columns and water column mains.
Cost of supply—reservoir, wells, etc. $
Cost of pump house $
Cost of pumping machinery $
Cost of suction lines and intake $
Cost of discharge lines to tanks $
Total cost $
Interest and depreciation on total cost at . . . .% per year $
Cost of insurance and taxes per year $
Cost of maintenance of plant per year $
Pumpers salary per year $
Cost of fuel, oil or current, including freight and han-

dling per year $
Cost of supplies per year $
Total cost operation, interest and depreciation per year $

Total amount water pumped per year—gallons

Total average cost per 1000 gallons water including

operation, interest and depreciation per year $

The investigation of each method of furnishing water was made sepa-

rately and the Committee wishes to report briefly on these methods in

the same manner.

City Water

On page 628 of the 1921 A.R.E.A. Manual it is stated "where water

of suitable quality and in sufficient quantity can be purchased at reason-

able cost it is recommended above all other sources." We consider this

statement still sound and suggest that before any water station construc-

tion is done that the Railroad interested investigate the purchasable supply

and if the quality and quantity are satisfactory and the pumping plant

and system well maintained by a competent department that the cost of

this water be compared with the cost of furnishing water under each of

the three pumping methods by the estimate heretofore mentioned, and if

the cost of 1000 gallons is as low as either of the three pumping methods

that the City supply be selected.
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The advantage of a city supply is that the Railroad Company escapes

the interest, depreciation, insurance, taxes and maintenance charges on a

sometimes very expensive plant as in the case of developing a reservoir

supply or installing long pipe lines. On the other hand care should be

exercised that the City supply is reliable and will not fail during dry

seasons, as the Railroads have had considerable trouble with some cities

which depend on a reservoir or well supply, for as soon as this supply

becomes low the Railroad service is the first to be shut off and the

railroads then spend considerable money in hauling water or erecting tem-

porary water stations. The rates paid for City water by Railroads re-

porting to us for stations using in excess of 1,000,000 gallons per month

varied from 6.3 cents to 18.7 cent per 1000 gallons.

Steam Pumping Stations.

The steam pumping station is one of the oldest and most reliable

pumping methods in use. It has long held the reputation of being "fool-

proof" and of being suited for operation by unskilled labor to better

advantage than oil or electrically operated stations.

The walled in tubular boiler and duplex pump is the most satisfactory

steam pumping unit for general railroad service. The vertical boiler is

efficient as to evaporation pounds of water per pound of coal and also

has the advantage of requiring a small area of floor space for installa-

tion but the tubular boiler requires less repairs and shopping, and its use

is to be preferred.

The majority of railroad pumping stations are steam operated because

the steam plant was installed before oil or electric pumping units were

developed. Some of these plants have been replaced by oil or electric

plants and as the remainder wear out or become inadequate to supply suffi-

cient water we believe that the installation of oil or electric plants will

show a decided saving, but suggest that the comparative estimates men-

tioned heretofore be used to check this statement. The cost of pumping

at steam stations reported to us varied from 2 cents to 8.8 cents per 1000

gallons and from 4.4 cents to 21.4 cents per water horse power hour for

fuel only with a corresponding increase in the cost of both units when
labor, supplies, interest and depreciation costs were included.

Electrically Operated Pumping Plants.

Electricity is a very convenient method for pumping and when an

electric motor directly connected to a centrifugal pump is used, it has the

advantage of requiring less floor space and consequently less expensive

housing than oil or steam plants. As a rule there is no saving made in

the use of electricity over coal considered as power only; the saving in

the electric method of pumping occurs when pumpers can be dispensed

with by the use of automatically controlled electric pumps. The Illinois

Central reports a case at Kankakee, Illinois, where a steam boiler and

two steam pumps were replaced by two motor driven centrifugal pumps
and the pumping force was reduced from three eight-hour pumpers to
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one eight-hour pumper with a saving in wages of $180.00 per month. The
Chicago, Milwaukee & St. Paul Railway reports that at West Clinton,

Indiana^ one steam boiler and one steam pump was replaced by one motor
driven pump with the following average saving per month

:

Cost of Steam Operation.

Two pumpers at $89.48 per month $178.96
Seventy tons coal at $3.00 per ton 210.00
Unloading 70 tons coal at $2.00 140.00

Cost repairs 20.00

$548.96

Cost of Electric Operation.

Interest on investment 6 per cent of $3,950.00 $ 20.00

Depreciation 20.00

Labor— 1 man 3 hours per day, 90 hours at $0.70. . 63.00

Cost of power and heat 250.00 353.00

Saving per month $195.96

The electrically operated stations on which reports were received

showed that the cost of pumping varied from 0.75 cents to 3.6 cents per

1000 gallons and from 2.5 cents to 13.5 cents per water horsepower hour

for current only, with a corresponding increase in both units when
labor, • supplies, interest and depreciation were included. On account of

the extension of power lines by the Public Service Companies the avail-

ability of current of a dependable character at reasonable rates at isolated

railroad pumping locations will be increasing and we suggest railroads

planning water station construction, figure on the use of electricity by

the comparative estimates heretofore mentioned.

Oil Engine Operated Pumping Stations.

The oil engine now used at pumping stations is a development of the

gasoline engine, which development was brought about by the increasing

cost of gasoline which made its use in Stationary Power Plants prohibitive.

The oil engine of the semi-diesel type manufactured in this country has

only recentely passed out of the experimental stage. Unfortunately for

its reputation some railroads used or attempted to use some types of it

before they were developed with the result that the oil engine obtained a

poor record for reliable performance. However, there are now some
dependable oil engines on the market and we have found this power
method to be a satisfactory method for pumping water, but the installa-

tion of duplicate units at important stations is recommended, as this is

the best way of carrying repair parts and providing against interruptions

to service. The use of a small air compressor for starting oil engines

of 25 H.P. and over is recommended. This compressor is usually operated

by a direct connected kerosene engine of V/2 to 3 H.P. and makes a con-

venient method of starting the larger engine. This starting equipment is

usually sold by the oil engine manufacturer. As a heritage from its

experimental stages the oil engine has the reputation in some quarters of
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being very expensive as regards maintenance costs. This, however, is not

necessarily the case as the Illinois Central reports the following cases

where the maintenance of oil engine pumping units was checked and
found to be reasonable.

Ramsey, Illinois.—Two 25 H.P. oil engines, belt connected to two

centrifugal pumps installed in August, 1922. These engines have had

no repair parts ordered or applied to date.

Tulip, Indiana.—Two 25 H.P. oil engines, belt connected to two

centrifugal pumps installed in July, 1923. These engines have had no

repair parts ordered or applied to date.

Lake Cormorant, Mississippi.—One 25 H.P. oil engine, direct con-

nected to a 9 in. by 12 in. duplex power pump. The repair parts ordei-ed

and applied for this engine from 1913 to 1923, inclusive, was one kerosene

starting torch, cost $11.07.

Dyersburg, Tennessee.—One 25 H.P. oil engine, belt connected to a

10 in. by 12 in. duplex power pump. Repair parts ordered and applied to

this engine from 1915 to 1923, inclusive, cost $20.89.

The water works supervisors, repairmen and pumpers who operate

these oil pumping stations are entirely satisfied with their operation, and

prefer them to steam plants.

The Chicago, Rock Island & Pacific Railway reports a comparative

pumping test made at Valley Junction, Iowa, where one 75 H.P. electric

motor and one 75 H.P. oil engine, each connected to a 14 in. by 12 in.

duplex double acting pump, and using the same pipe lines ; tanks, and

similar physical conditions were tested for one day each with the following

operating cost results

:

Cost per Water Horse-
75 H. P. Oil Engine power Hour

Fuel at four cents per gallon 0.612 cents

Lubricants at 33 cents per gallon 0.198 cents .

Wages 1.06 cents

Repairs to engine 0.104 cents

Repairs to pump 0.004 cents

Interest and depreciation 0.30 cents

Total cost per W.H.P. Hour 2.28 cents

Cost per Water Horsc-
75 H.P. Electric Motor poiver Hour

Current at three cents per K.W 4.79 cents

Lubricants 0.00 cents

Wages 1.06 cents

Repairs to motor and wiring 0.004 cents

Repairs to pump 0.004 cents

Interest and depreciation 0.30 cents

Total cost per W.P.H. Hour 6.16 cents

Actual costs over a year's operating time show the same results.

The Committee's investigation indicates that the maintenance on oil

engine stations is less than on steam stations and about the same as the
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maintenance on electricall}^ operated stations when all the stations arc of

similar horsepower and operating under similar physical conditions.

Some roads have reported small steam pumping stations located in

sections of the country having no local coal mines and the coal imported

costing as high as $8.00 per ton at the pumping station. In such cases the

installation of a small oil engine would undoubtedly result in a substantial

saving.

The cost of pumping at oil engine stations reported to us varied

from 0.42 cents to 1.1 cents per 1000 gallons and from 0.74 cents to 3.3

cents per water horsepower hour for fuel oil only, with a corresponding

increase in both units when labor, supplies, interest and depreciation were

included.

The cost of the principal items for the simplest installation under

each method for a pumping station having a pumping capacity of 500

gallons per minute against a head of approximately 125 feet is as follows:

Steam Equipment.

One 45 H.P. boiler with 40 ft. 18 in. No. 8 steel stack. . . .$ 948.00

One 4^ bv 3 bv 4 feed water pump 75.00

One 50 H.P. feed water heater 90.00

One 14 by 8^ by 12 duplex pump 975.00

$2,088.00

Oil Equipment.

One 25 H.P. horizontal oil engine $1,287.00

One air starting outfit consisting of 1^ H.P. kerosene
engine and small air compressor and air tank 175.00

One 4 in. centrifugal pump 240.00

$1,702.00

Electric Equipment.

One 25 H.P. 40 degree motor $ 194.00

One 4 in. centrifugal pump connected to above motor on
extended base 272.00

Automatic pressure and manual push button control.... 260.00

$ 726.00
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Conclusions

(1) The Committee has found that fuel oil is the cheapest power

method for pumping water, electricity with automatic control the next

cheapest, and steam and electricity with pumpers in attendance the most

expensive.

(2) The economy in the lower power cost of fuel oil may be offset in

some instances by decreased cost of attendance where it is practicable

to decrease the number of pumpers by installing automatically operated

electric pumps.

(3) Where water station construction is contemplated and it is

necessary to decide on the relative economy of City water, or the use of

an oil, steam or electric pumping station, a comparative estimate should

be made showing the annual cost of furnishing water per 1000 gallons

under each method. In this estimate proper allowance should be made
for all local conditions affecting the operation and maintenance of the

station.

Appendix I

THE DESIGN, CONSTRUCTION AND MAINTENANCE OF
PIPE LINES

A. B. Pierce, Chairman, Sub-Committee; W. B. McCaleb, E. M. Grime,

O. T. Rees, F. J. Walters, F. D. Yeaton, E. H. Olsen.

The Committee reports progress on this subject. There was con-

siderable confusion in the minds of the members of this Committee as

to the scope of the report and as a result they were late in getting

started on the work, but it is hoped that a final report will be com-

pleted next year.
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Deep Well Turbine Pump and Vertical Motor—Paxton, III., Illinois
Central Railroad
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Automatically Controlled Motor Driven Pumps—Kankakee (III.)

Pumping Station, Illinois Central Railroad

Interior of Oil-Driven Pumping Station, Showing Centrifugal Pump
Drive
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Interior of Oil Pumping Station—Crystal Springs, Miss., Illinois

Central Railroad



REPORT OF COMMITTEE I—ROADWAY
C. M. McVay, Chairman; J. C. Wrenshall, Vice-Chairman;
C. W. Baldridge, H. B. Barry,
E. J. Bayer, A. E. Botts,
G. S. Crites, C. C. Cunningham,
C. A, Daley, A. Harvey,
C. F. HiNCHMAN, J. R. Hoagland,
H. M. Hockman, W. M. Jaekle,
W. W. Kelly, E. C. Oyler,
O. V. Parsons, J. K. Pettus,
G. E. Potter, H. J. Shaw,
G. L. SiTTON, E. M. Smith,
H. E. Tyrrell, C. E. Weaver,
W. D. Wiggins, W. H. Woodbury,

Committee.
To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects

:

(1 and 4) Revision of Manual; revise Grading Contract, working
with Committee on Uniform General Contract Forms
(Appendix A).

(2) Economics of filling bridges (Appendix B).

(3) Corrugated metal culverts for railroad purposes (Appendix C).

(5) Unusual methods of handling slips and slides (Appendix D).

(6) Methods of keeping down dust (Appendix E).

(7) Waterways, channels and bank protection (Appendix F).

Action Recommended

1. That the change in the Manual, Appendix A, be approved and

the revised version substituted for the present recommendation in the

Manual.

2. That Appendix B be approved as recommended practice and pub-

lished in the Manual.

3. That Appendix C be received as information.

4. That Appendix D be received as information.

5. That Appendix E be received as information.

6. That Appendix F be received as information.

Recommendations for Future Work

1. Revision of the Manual.

2. Continue the study of corrugated metal culverts with assistance

of Committee on Iron and Steel Structures.

3. Continue the studj' of unusual methods of handling roadway

problems in connection with slips, slides and water pockets.

4. Study and report on various deformations of Roadway in light

of information developed by Committee on Stresses in Track.

5. Outline of work for ensuing year.

Respectfully submitted,

The Roadway Committee,

C. M. McVay, Chairman.

Bulletin 272, December, 1924.
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(1)

Appendix A

REVISION OF MANUAL

(3) Revised Grading Contract, Working With Committee on Uniform
General Contract Forms

J. C. Wrenshall, Chairman, Sub-Committee; C. W. Baldridge, W. D.

Wiggins, C. F. Hinchman, W. M. Jaekle, G. L. Sitton.

The subject assigned your Sub-Committee (1) "Revision of Manual"

and (3) "Revised Grading Contract," has been carefully studied and we
report as follows

:

Beginning on page 33 of the Manual, issue of 1921, will be found

certain rules laid down under "General Conditions" which we feel should

be omitted entirely because they are already more properly placed and

described under the "Construction Contract" found beginning on page

957 of the Manual. The underlying thought being to separate the func-

tions of the specifications from the contract ; the former should constitute

the instructions as to how the work should be done, the latter covering

the agreements as to its performance.

We suggest revision of several of the articles as follows

:

Present Form

Temporary Fences.

69. Previous to or during the work of
grading, the contractor, if directed, shall

erect and maintain fences in order to prevent
trespass upon the railway or damage to ad-

joining property.

Crossings, Damage to Property.

70. The contractor shall, at his own ex-

pense, make and keep in good condition

commodious passing places for public and
private roads traversed by the line of rail-

way; and he shall be held responsible for

damages of whatsoever nature to persons or
neighboring property caused by workmen
in his employ leaving gates or fences open,

blasting rock, building fires or in other ways.
If necessary, the payment of the estimate

may be withheld until such damages are
satisfactorily adjusted. The intention of the
contract is that the Company shall not be
held responsible for any claims or losses

incurred during the construction of the line

due to the operation or negligence of the
contractor or his employes.

Proposed Form

Previous to or during
the work of grading,
suitable temporary fences
shall be erected and
maintained, if necessary,
in order to prevent tres-

pass upon the railway or
damage to adjoining
property.

Suitable roads for public

and private use shall be
provided and maintained
as may be necessary
within the limits of the

work. All other neces-
sary special facilities

shall be provided.
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Present Form

Changes of Alinements or Gradients.

71. The alincment, gradients and cross-

sections of the roadbed, as well as ditches

and other incidental work, may be altered in

whole or in part, as deemed necessary, either

before or after the commencement of the
work. But any such change or alteration

shall not affect the unit prices specified in

the contract ; nor shall any such changes or
alterations constitute claims for damages,
nor shall any claim be made or allowed on
account of such changes or alterations.

Snow and Ice.

72. Before beginning and during the

progress of the work, the contractor shall

remove all snow and ice from between the

slope stakes at his own expense.

Bench Marks and Stakes.

73. The contractor shall carefully pre-

serve all bench marks and stakes. In case
of neglect to do so, he will be charged with
the resulting expense.

Roads.

74. Whenever required, the contractor
shall open up a safe road for passage on
horseback and foot along the whole or any
portion of the work under contract.

Temporary Roads, Trestles, etc.

75. No allowance or compensation
whatsoever shall be due or paid to the con-
tractor for any temporary roads, bridges or
trestles that he may make to facilitate the

work.

Final Clearing up.

76. Before the work is finally accepted,

the contractor shall, at his own expense,
clear away from the Company's property as

well as from public and private roads and
the channels of streams and ditches, all rub-
bish, surplus blasted or excavated mateVial,

camp and work equipment.

Extra Work.
77. The cost of any extra work shall

not be considered or allowed, unless such
extra work shall have been done by direction,

in writing. Such written directions shall in

every case contain the rates and methods of
payment for said extra work.

Proposed Form

Omit—c o n f 1 i c t s with
paragraph 28, page 962.

Snow and ice shall be
removed when necessary
before placing grading
material.

Omit—c o n f 1 i c t s with
paragraph 11, page 959.

Omit—c o n f 1 i c t s with
paragraph 5, page 958.

Such temporary roads,

bridges, or trestles as
may be necessary to

facilitate the work shall

be provided.

Omit—c o n f 1 i c t s with
paragraph 23, page 961.

Omit—c o n f 1 i c t s with
paragraph 29, page 962.
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Present Form

Contractor's Risk.

78. The contractor shall take all risks

from casualties of every nature, and shall

not be entitled to any compensation for de-

tention from such causes. -The contractor
assumes risk of personal liability and damage
to stock, tools and machinery used on the

work while on the property of the Railway
Company, and the contractor agrees to make
no claim therefor which may be caused by
the operation of the railway.

Company Defined.

79. Wherever the word "Company" is

used in these specifications it designates

the Company.

Contractor Defined.

80. The word "Contractor" is used
herein to designate the person or persons
undertaking the work referred to in these
specifications and drawings.

Work in Charge of.

81. In the foregoing specifications it is

understood and agreed that the Chief Engi-
neer of the Company
is in charge of the work, and that he may
appoint such assistants as he may select.

Wherever the specifications refer to the
judgment, direction, decision, approval, etc.,

of any employe of the
Company, they designate and mean the
Chief Engineer or one of his assistants. The
decision of the Chief Engineer shall be final

as to the intent and meaning of these speci-

fications.

Specifications Part of Contract.

82. The specifications and general con-
ditions referred to are distinctly understood
as being embodied with the contract, the
whole forming the entire agreement, between
the Company and the Contractor.

Proposed Form

Omit—c o n f 1 i c t s with
paragraph 15, page 960,

and paragraph 19, page
961.

Omit—Covered by the
agreement, see page 955.

Omit—Covered by the

agreement, see page 955.

Omit—.c o n f H c t s with
paragraphs 24 and 25,

page 961, and paragraph
26, page 962.

Omit—Covered by the

agreement, see pages 955
and 956.
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Appendix B

(2) ECONOMICS OF FILLING BRIDGE OPENINGS

J. C. Wrenshall, Chairman, Sub-Committee; A. S. Butterworth, W. W.
Kelly, G. L. Sitton, W. H. Woodbury, H. M. Hockman.

This report was submitted at the twenty-fifth Annual Convention but

owing to diflferences of opinion as expressed in open discussion on the

floor was referred back to the Committee for further consideration.

However, your Committee has not been able to develop any arguments

that would justify any change in the report as originally submitted. It

is proposed in this report to study the subject from the standpoint of

a justification of expenditures. It became evident as the investigation

progressed that before it could be determined whether the replacement

indicated the filling of the bridge opening or some other method of re-

placement, a careful analysis of all the component elements of cost must

be made. In many cases, no doubt, methods other than filling may be

found preferable, but the general principles laid down in this report are

applicable to any bridge replacement problem. It is impossible to restrict

it to the question of bridge filling alone. Obviously, where a more per-

manent type of construction costs less than a renewal in kind, there

can be no question as to the economy of making the improvement.

Replacement or renewal of bridges and trestles takes place for one or

more of the following reasons

:

(1) Obsolesence (requirements of heavier traffic).

(2) Deterioration (natural decay).

(3) Accident (fire, wreck or flood, etc.).

The problem then resolves itself into whether it is more economical

to fill, renew in kind or to replace with a more permanent type of struc-

ture at a greater investment outlay.

The question of full maturity should also be considered—care should

be taken that the full life of the structure is obtained ; as, for instance,

a bridge that may last one or two years longer than by an annual

expenditure of an amount less than the interest and maintenance charges

of new structure per year, should not be renewed or replaced until

expiration of its full service life. The element of safety, including

strength of structure and elimination of fire hazard, must be given con-

sideration in all cases.

On pages 296 to 301, inclusive, of the Manual, 1921 edition, will be

found an analysis of comparative economic value of ballast deck trestles,

the formulas contained therein being general in character and are ap-

plicable to all types of structures by suitable substitution.

Those formulas are algebraic in character but this report is based

on the straight line method (worked down to an annual cost), which,

it is believed, is more readily understood by reason of its simplicity.

The prior report shows what the comparative life of each of two struc-

tures must be to produce equal ultimate economy; this present report

places structures of different kinds, costs and maintenance charges on a

comparative annual cost basis.

Conclusion

It is recommended that this report be accepted and printed in the

Manual.
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Analysis of Costs—^Present and Proposed Structures

Structure
Number
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Analysis of Costs—Present and Proposed Structures

Proposed Conditions (Replacement)
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Appendix C

(3) CORRUGATED METAL CULVERTS FOR RAILROAD
PURPOSES—PREPARING SPECIFICATIONS WITH

ASSISTANCE OF COMMITTEE ON IRON AND
STEEL STRUCTURES

W. H. Woodbury, Chairman, Sub-Committee; A. E. Botts, C, C. Cunning-

ham, J. K. Pettus, C. E. Weaver, H. E. Tyrrell.

After a review of this subject and the information gathered on it up

to the present time, the Committee concluded that it would be necessary

to make another campaign for information as data gathered so far

was not sufficient to support definite conclusions. Consequently a com-

plete questionnaire was formulated and sent to all railroad users of cor-

rugated metal culverts. A list of such users was secured from culvert

manufacturers. A considerable period of time will be required to secure

answers to the questionnaire as an inspection of existing culvert installa-

tions is necessary. The Committee feels that the questionnaire fully

covers the information desired and asks the help of the Association

members in getting full and complete answers to same. It is proposed

to develop the subject from the standpoint of strength, durabihty and

economics.

Through the co-operation of the Armco Culvert and Flume Manu-
facturers' Association, your Committee has been permitted to participate

in some tests which we feel will be of great benefit to our Association

and the engineering profession. The first of these tests was conducted

at Middletown, Ohio, on May 8th, last. This test covered strength of

culvert and a 24-inch corrugated metal pipe and 24-inch concrete pipe

were tested by application of pressure to the top of a ZYz-ii. sand fill.

Full and complete reports of this test will be published with the final

report on this subject when it is ready.

Arrangements for another test are now completed. This test requires

the use of the Goldbeck cell, which is an electrical contact cell, for the

recording of pressure and was developed by Mr. Goldbeck, Engineer of

Tests of the Bureau of PubUc Roads, Department of Agriculture of the

United States Government. These cells are to be installed on radial lines in

the sides of cast iron, concrete and corrugated metal pipe and the pipe

placed under actual fills before construction of the fill is started. Readings

showing the various earth pressures on the pipe culverts will be taken as

each two feet of fill is applied. The iron and concrete pipe is rigid while

the corrugated metal pipe is more or less flexible, and these readings

should reflect accurate information as to earth pressures on culverts,

a subject of considerable difference of opinion in recent years. The test

culvert pipes are to be installed under a new branch to be constructed

by the Pennsylvania System in 1925. The pipe and Goldbeck cells are

now ready for installation and the tests will go forward with the open-
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ing of construction work in the spring. The Committee desires to thank

the Armco Culvert and Flume Manufacturers' Association who have

furnished the pipe and cells and are bearing the expense of the tests,

also the Pennsylvania Railroad for their co-operation in furnishing a loca-

tion. Fig. 1 shows the construction of the Goldbeck cells. Fig. 2 shows

a Goldbeck cell and the recording apparatus used in connection with same.

The Committee recommends that the subject be continued.

PLAN

Wins Hading to

Indicofing Box

SECTION
Tapmd

Fig. 1

—

Goldbeck Cell
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Fig. 2
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Appendix D

(5) REPORT ON ANY UNUSUAL METHODS OF HANDLING
ROADWAY PROBLEMS IN CONNECTION WITH

SLIPS, SLIDES, AND WATER POCKETS, AS
THE INFORMATION MAY BECOME

AVAILABLE

O. V. Parsons, Chairman, Sub-Committee ; H. B. Barry, G. S. Crites,

W. W. Kelly, G. E. Potter.

A questionnaire was sent to representative roads over the country and

replies were received from over fifty. About half of this number have

had no difficulty with slips, slides, or water pockets, while the other

portion reported some trouble of various kinds. The instructions called

for a report on any unusual methods for handling roadway problems,

and while the answers given show some unusual conditions, there was
nothing to show unusual methods for handling these problems. In view

of all this your Committee feels that it has nothing to report.

There is one thing that has developed in this investigation which

should again be called to the attention of the Association; this being the

common method of building up the roadbed shoulder with clay or other

impervious material. When this is done, either the roadbed shoulder is

lifted above its normal position or the ballast is depressed into the roadbed,

or both. It then follows that a pocket is formed under the track in

which water is held by the impervious material which has been placed

along the roadbed shoulders. In building up these shoulders either cinder

or some porous material should be used instead of clay or other like

material. In case this is not practical or possible and the banks must be

widened or raised with impervious material, suitable cross drains should

be placed to prevent water pockets.
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Appendix E

(6) METHODS OF KEEPING DOWN DUST, CONSIDERING
ROAD CROSSINGS AND STATION PLATFORMS AS

WELL AS TRACK

E. M. Smith, Chairman, Sub-Committee ; H. M. Hockman, J. R. Hoagland,

H. J. Shaw.

The most common method in use for elimination of dust has been

a spraying with crude oil, but the practice is by no means general; and

several railroads have discontinued it as being unsatisfactory. About

25 years ago the railroads of New England did considerable work spray-

ing the roadbed but we know of no road in this region which continues

the practice except in a very limited way in station and freight driveways.

The officials of two roads state that they found the practice of oiling

the roadbed wholly unsatisfactory. High speed trains had a tendency to

pick up particles of sand which being coated with oil caused much damage

to passengers' clothing. Another objection was that the oiled ballast

lacked cohesion. One division engineer reports that the oil ran down
along the side of the tie, making a water pocket, so that the track puddled

badly and it was several years before successive renewals of ties overcame

this tendency. One road depends on stone ballast for prevention of the

dust nuisance. One road on the Atlantic seaboard considers oiling not

only desirable but almost necessary.

Several roads in the middle west use oil to some extent. It appears

that oiling the roadbed is done quite extensively on two roads in this

region. In the arid and semi-arid districts of the southwest considerable

oiling of the roadbed has been done. Two roads use water as well as

oil for spraying the roadbed and report fairly satisfactory results.

The cost of oiling varies greatly. One road in the East uses 600

gallons of oil per mile and the total expense averages $35. One in the

Middle West uses 2,000 gallons per mile at a cost of $85 and another used

2,500 gallons. A transcontinental line reports that ordinary application of

oil to roadbed without extensive spraying costs $100 per mile.

Some of the sand ballasted railroads of the South have planted

Bermuda grass which in a short time covers the entire surface of the

roadbed and eliminates dust.

The railroads along the Columbia River have a special problem to

prevent the blow sand burying their tracks. This finely divided sand is

brought down in the spring freshets and in the fall months the winds take

it and carry it considerable distances. It has been found advantageous

to spray the ground for a distance of 300 or 400 yards from the track,

forming an asphalt coating on the surface which holds the sand in place.

This costs from $30 to $40 per acre.
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It would appear that railroads which are stone ballasted need have

little trouble from dust except such as is picked up at road crossings

and station yards and if these are oiled the result should be very satisfac-

tory. Railroads which are ballasted with washed gravel or even with

coarse gravel and on which speeds are moderate seem to have little trouble

from dust. In regions where the ballast is light and sandy the dust

becomes a great nuisance, especially in dry weather or in the desert coun-

try of the Southwest. It seems to be a general opinion that oiling the

roadbed is advisable in sandy and desert regions where the rainfall is

very light, but that the results are much less satisfactory in districts having

a nominal amount of rainfall. There seems a quite general agreement

that station and freight yards and driveways can be oiled to an advantage

and the same is true of highways crossing or adjacent to railroad tracks.
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Appendix F *

(7) REPORT METHODS OF WATERWAY, CHANNEL AND
BANK PROTECTION

E. J. Bayer, Chairman, Sub-Committee ; C. A. Daley, E. C. Oyler, A.

Harvey.

This subject is a continuation of the report as found on page 371 of

the 1923 Proceedings and Bulletin 262 of December, 1923.

Erosion, whether at right angles to the line of track or parallel thereto

is a constant menace to the stability of the road bed. In first instance,

particularly in cuts, an extraordinarily heavy rain not only carries down
with it material which is deposited in the side ditches, but also in a great

many cases overflows the track. In the second case, a gully is soon formed

along the roadbed and unless steps are taken to prevent it, the embank-

ment is endangered.

In the past, where erosion has formed gullies at right angles to the

track, a common practice has been to use rip rap in the ditch in the hopes

of stopping the erosion, before it entered the adjacent property holder's

land—no particular attention being given to providing a safe channel for

the water other than possibly trying to divert a portion of the water which

fell with small ditches at the top of the cuts. At the present time, con-

siderable thought is being given to providing a safe channel for the

water rather than attempting to protect the earth itself. This is clearly

brought out by the fact that culvert pipe manufacturers have on the

market a semi-circular pipe and also by the concrete sluice ways, which

several of the railroads are now using.

On embankment erosion at right angles to track, the usual practice

has been to dump additional earth and if this did not prove effective to go

to rip rap. At present time one railroad is preventing erosion of a steep

embankment by the use of corrugated pipe which is raised above the

embankment slope by the use of concrete piers. This not only elevates

the outlet but also prevents clogging. On another line a cantilever in-

stallation of corrugated pipe has been made to prevent erosion of the fill.

This installation carries the water beyond the toe of the slope. See illus-

tration Figs. 1 and 2.

Where the erosion is parallel to the track and where the flow of water

is intermittent the usual practice has been to protect the embankment either

by means of rip rap or the construction of a retaining wall. Either of

these methods is expensive. An inexpensive method of combating the

formation of guUies is to construct an earthen dam with a pipe through it

of sufficient capacity to carry the water, this pipe through the dam being

turned up so as to raise the point of intake. This checks the velocity of

the water and causes the sediment to be deposited on the upper side of

the dam before the water passes through the pipe. The success of this

method depends upon having the outlet pipe through the dam so installed

as to prevent leakage around the pipe and also on having the outlet end

protected by a concrete or stone spillway so as to prevent undermining.

Either corrugated pipe or vitrified tile can be used successfully in the above

installation. See Figs. 3, 4, 5, 6, 7 and 8.
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^ma

Fig. 1

Armco Installation for Preventing Erosion on Steep Embankment

Fig. 2

Armco Cantilever Installation
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Fig. 3

Upwash from the Dam Three Miles South of Kenedy, Texas, San Antonio
& Aransas Pass Railway

Fig. 4

Earth dam with stone headwall and spillway. Three miles South of
Kenedy, Texas, on San Antonio & Aransas Pass Railway.
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I'IG. 5

Dam and Bridge C179.7. Inlet 24 In. Pipe. Soil Saving Dam, Three Miles
South of Kenedy, Texas, San Antonio & Aransas Pass Railway

Fig. 6

A smooth, level fill extending back 300 feet behind the soil dam, is the
1^ _r ..l: .L-j

.^£ f^ijjjig without men or machinery. Photograph
around the upstream inlet of Vitrified Sewer

Pipe above dam.
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f^^.^jmm'

Fig. 7

This big ditch, about 7 feet deep and 35 feet wide, ran alongside a stretch

of Frisco track at Pittsburg, Kansas. Hundreds of yards of dirt

would be required to fill it. Hauling, unloading and filling such a
large hole is always an expensive job when done by men and machin-
ery. The picture shows the down-stream outlet of the Vitrified Sewer
Pipe below the soil dam.
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Sketch of Soil Dam



REPORT OF COMMITTEE II—BALLAST

F. J. Stimson, Chairman; G. H. Harris, Vice-Chairman;
L. L. Adams, S. A. Jordan,
G. J. Bell, R. E. Keough,
C. B. Breed, David McCooe,
C. M. Cannon, M. J. McDonough,
C. J. Coon, J. H. Reagan,
C. E. Dare, C. K. Scott,
Paul Hamilton, H. C. Smith,
K. Hanger, C. B. Stanton,
W. S. Hanley, D. W. Thrower,
C. B. Hoyt, L. F. Van Hagen,
G. D. HuGHEY, P. H. Winchester,
H. N. Huntsman, Committee.

To the American Raihvay Engineering Association:

Your Committee respectfully submits herewith report, dealing with

the following subjects:

(1) Revision of Manual (Appendix A),

(2) Revision of the Specifications for Stone Ballast (Appendix B).

(3) Cost of track maintenance with different kinds of ballast, con-

sidering various conditions such as traffic, speed, roadbed, climate and

cost of production (Appendix C),

(4) Ballasting by Contract (Appendix D).

Action Recommended

1. That the change in the Manual as given in Appendix A be

approved.

2. That the revised specifications as given in Appendix B be adopted

and substituted in the Manual for the present specifications.

3. That the matter presented in Appendix C be received as a prog-

ress report and the subject in a revised form be continued.

4. That the matter presented in Appendix D be received as infor-

mation, and that the matter under the caption "Ballasting by Contract"

be withdrawn from the Manual.

Recommendations for Future Work

1. Revision of Manual.

(a) Design ballast fork to take the place of the fifteen-

tine fork.

(b) Specifications for washed gravel ballast.

(c) Dee handle for ballast forks and shovels.

2. Relative value as ballast of stone from various quarries, method

of determining.

3. Relative value, from the standpoint of eflfcct upon operating

expenses, of various kinds of ballast.

Bulletin 272, December, 1924.
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4. Shrinkage of ballast.

7. Proper treatment, from the standpoint of ballast, of tracks in

paved streets or at paved street and highway crossings.

8. Cause of pumping joints.

9. Effect upon the life of ties both treated and untreated in various

kinds of ballast, giving special attention to the effect of various kinds of

slag.

Respectfully submitted.

The Committee on Ballast,

F. J. Stimson, Chairman.

Appendix A

REVISION OF THE MANUAL
F. J. Stimson, Chairman, Sub-Committee; Paul Hamilton, G. H. Harris,

D. W. Thrower.

The attention of the Committee was called, by the American Fork &
Hoe Company, to the fact that the design of the fifteen-tine ballast fork

adopted by the A.R.E.A. in 1921, as recommended standard, is not one

which can be produced commercially. When this Committee had the sub-

ject under consideration and before the design was submitted to the

A.R.E.A. with the recommendation that it be adopted as recommended

standard, the proposed design was sent to the different manufacturers with

the request that they make such comments and criticisms as they desired.

No criticisms were received and the conclusion was drawn that from the

manufacturers standpoint the design was acceptable. It now develops

that such is not the case. The representatives of the American Fork &
Hoe Company expressed the view that when the matter was sent to

them it got into the hands of some department not familiar with manu-

facturing details and was filed without comment.
,

The Special Committee appointed to go into the matter, after going

over in detail with the representatives of the American Fork & Hoe Com-
pany the methods followed in making ballast forks, were convinced that

the design adopted was not such that it can be produced commercially.

It is our conclusion that the design adopted should be withdrawn from

the Manual and that the designing of a suitable fork be taken up by

this Committee during the ensuing year.



Ballast 439

Appendix B

REVISION OF SPECIFICATIONS FOR STONE BALLAST

Paul Hamilton, Chairman, Sub-Committee; S. A. Jordan, M. J. Mc-
Donough, C. B. Stanton, L. F. Van Hagen.

The Committee sent the following questionnaire to the railroads

during the year:

1. Kinds of stone used?
2. Character of Traffic?

3. Size of Ballast—Minimum and Maximum?
4. How long have you used these sizes?

5. Do you find sizes you use satisfactory in all respects?

6. If not, what changes would you recommend, and why?
7. Does your ballast foul quickly through cinders or coal dust

collecting in it?

8. Do you think a smaller size ballast would prevent or delay
the deteriorating of your ballast?

9. Do you recommend different sizes of ballast for different

character of traffic, i. e., fast passenger traffic or slow, heavy
freight traffic?

10. If so, what size for each kind of traffic do you favor?
11. Do you recommend different sizes of ballast for different

kinds of stone?
12. If so, what size for each kind of stone?

Replies were received from forty-three railroads using stone or slag

for ballast. A tabulation of the sizes used is given below

:

Maximum Size

3" 2H" 2^" ZVz" IVa!' 2" VA" VA"
No. of Roads.. 6 11 24 2 6 12

Minimum Size

No lower

VA" VA" 1" -K" 'A" H" Va" limit

No. of Roads..

1

3 8 16 9 3 1 2

The questionnaire developed no sentiment for different sizes of stone

for different character of traffic, or any opinion that smaller size ballast

would prevent or delay deterioration through dirt collecting in it. Eight

roads favored different sizes for different kinds of stone.

In view of the information developed by the questionnaire, the Com-

mittee decided to make three-fourths OA")' inch the minimum and two

and one-half (2J4") inch the maximum size for ballast.

In considering the matter of physical tests, the Committee reached the

conclusion that rock meeting the requirements for weight, toughness,

soundness, wear and cementing quality will necessarily be satisfactory in

strength, absorption and solubility. The last named tests are, therefore,

omitted in the proposed specification.

It is obvious that a sample of stone from a given quarry may test

better in some qualities and poorer in other qualities than samples taken

from a number of other quarries. In order that the tests given in the
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specifications may be a definite indication of the relative value as ballast

of the various samples, some method whereby an equated value may be,

placed on the result of each test is necessary. The summation of such

equated values of the various qualities will be the equated value as ballast

(in whatever scale adopted) of the sample and a comparison of such

equated values of the samples from various quarries will indicate the

relative value as ballast of the stone from the various quarries tested.

Until such a method is evolved the full value of the tests given in

the specification cannot be realized. The tests can be used only to check

the material to be furnished from a given quarry and will give no measure

by which the quarry producing the most valuable stone for ballast may
be selected.

A formula for arriving at such an equation has been under considera-

tion by the Committee, but sufficient information from which to supply

the indices in such a formula are not yet available.

Conclusions

The following revised specification for stone ballast is therefore

submitted

:

REVISION OF SPECIFICATION FOR STONE BALLAST

Present Specification

General.

1. Stone for use in the manu-
facture of ballast shall break into

angular fragments which range with
fair uniformity between the maxi-
mum and minimum size specified

herein; it shall test high in weight,

hardness, strength and durability,

but low in absorption, solubility and
cementing qualities.

Tests.

Tests shall be made as follows

:

2. Weight. Not less than one-
half cubic foot of the stone accu-
rately measured, and dried for not
less than twelve hours in dry air at

a temperature of between 125 and
140 deg. Fahr., shall be weighed.
The weight shall be not less than
. . lb. per cubic foot.

(Note—Of the stone available,

that having the maximum weight
should be used ; a high quality stone

for ballast will weigh 168 lb. per

cubic foot.)

Proposed Specification

General.

1. Stone for use in the manu-
facture of ballast shall break into

angular fragments which range with
fair uniformity between the maxi-
mum and minimum size specified

herein ; it shall test high in weight,

toughness, wear and soundness, but
low in cementing qualities.

Tests.

Tests shall be made as follows

:

2. Weight. Not less than one-
half cubic foot of solid stone ac-
curately measured and dried for not
less than twelve hours in dry air at

a temperature of between 125 and
140 deg. Fahr. shall be weighed.
The weight shall be not less than .

.

lb. per cubic foot.
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Present Specification

3. Strength. Two-inch cubes

of stone shall be sawed to reason-

ably accurate dimensions and the

top and bottom faces made accu-

rately parallel. For the primary
tests, the test specimen shall be

dried for two hours in dry air at a

temperature of between 120 and 140

deg. Fahr. and at the time of test

the temperature of the specimen
shall be not less than 50 degrees.

Tests shall be made in a testing

machine of standard form and the

stone shall have a compressive
strength of . . lb. per sq. in.

(Note—Of the stone available,

that having the maximum compres-
sive strength should be used ; a

high quality stone for ballast will

have a strength of 10,000 lb. per

sq. in.)

A secondary test shall be made
on specimens the same in all re-

spects as for the primary test ex-
cept that the block shall have been
completely immersed in clean water,

of a temperature between 35 and
90 dcg. for 96 hours, the test to be
made within thirtj^ minutes of re-

moval from the water.
If the compressive strength

shall have decreased more than .

.

per cent, from the primary tests, the
rock shall be deemed unsuitable for
ballast purposes.

(Note—Of the stone available,

that showing the least diflference

between the results of the primary
and secondary tests should be used ; a
high quality stone for ballast should
show not over 1 per cent, differ-

ence.)

4. Solubility. One-fourth
cubic foot of the rock . shall be
crushed and thoroughly washed.
The particles shall then be placed
in a glass vessel and covered with
clear water. The vessel shall then
be thoroughly shaken for five min-
ute periods at 12-hour intervals for
48 hours. If any discoloration of
the water occurs, the rock shall be
deemed soluble and undesirable for
use as ballast.

Proposed Specification

3. Toughness. A piece of solid

rock from which a cylindrical core
perpendicular to the bedding plane
of the rock, 25mm x 2Smm (0.98 in.

X 0.98 in.) can be cut with a dia-

mond core drill, and the ends
ground plane shall, after drying, be

held on an anvil, weighing not less

than 50 kg. (110.23 lb.) inthe Page
impact machine, like a miniature pile

driver, under a plunger with sphere
shaped striking surface of 1 c. m.
(0.39 in.) radius, which is struck by
a hammer when released weighing
2 kg. (4.4 lb.). The test begins with
a 1 cm. (0.39 in.) fall of the ham-
mer for the first blow, and con-
tinues with an increased fall of 1

cm. for each succeeding blow until

the test piece fails, the number of
blows and height being the same
and representing the toughness of
the rock. Rock that shows a tough-
ness of less than shall be
rejected. (A.S.T.M.D. 3-18.)

\

4. Soundness. Ten small
pieces (total weight about 1,000

grams 2 lb.) of the rock shall be
immersed in a saturated solution at

70 deg. Fahr. of sodium sulphate
(Na2S04) for 20 hours, after which
they shall be placed for four hours
in a drying oven maintained at 100

deg. C. The treatment shall be re-

peated five times. Rock which ex-
hibits checking, cracking or disin-

tegration shall be rejected.
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5. Wear or Durability. (Test
No. 1) One-half cubic yard of

crushed stone, which will pass

through the maximum and be re-

tained on the minimum screen, shall

be spread over a wire mesh or iron

surface to a depth of not more than
3 in., and exposed to a dry heat of

from 125 to 140 deg. Fahr. for a
period of two hours. After the

dried stone is carefully weighed it

shall be given 10,000 revolutions in

a tumbler approximately 4 ft. in

diameter, of not less than 2 cubic

yards capacity, and operating at 25

revolutions per minute.
The sample shall then be passed

over a screen of the minimum di-

mension provided for sizing ballast,

again washed and dried in the same
manner as before the test, and again

carefully weighed.
If the decrease in weight shall

be more than . . per cent, of the

original weight of the sample, the

stone shall be deemed unfit for use

as ballast.

Outside of the breakage, which
is exhibited by the small particles

which will pass through a mini-

mum screen but will not pass a

sieve of 20 meshes to the inch, the

wear should not exceed . . per cent.

(Note—Of the stone available,

that showing the smallest loss in

weight should be used ; a high qual-

ity stone for ballast will show a loss

of not more than 1 per cent, in

fragments which will pass a screen

of 20 meshes to the inch, and not
more than 3 per cent, in those pass-

ing the minimum sizing screen.)

Test No. 2 (Quick Weathering
Test). One-half cubic yard of stone

shall be dried and weighed as for

Test No. 1. It shall then be im-
mersed in water for six hours and
then, while still wet, be placed in a

refrigerating plant and subjected to

a temperature of approximately
zero Fahr. for two hours. It shall

then be removed and the tempera-
ture gradually raised in two hours
to 100 deg. and that heat continued
for two hours, when it shall be im-
mersed as before and again sub-
jected to approximately zero tem-
perature.

Proposed Specification

5. Wear. Five kg. (11 lb.) of
freshly broken fragments of stone as
nearly alike as possible, shall, after
thorough drying, be placed in hol-
low iron abrasion cylinders, 20 cm.
(77/8 in.), a 34 cm. (12.4 in.) in

depth in diameter, which are re-

volved at the rate of 30 revolutions
per minute for 10,000 revolutions
for each test, after which the
pieces shall be thoroughly washed,
dried and weighed and the percent-
age of dust or detritus by weight
that will pass through a screen with
1.6 cm. (-^ in.) mesh shall be con-
sidered the percentage of wear.
Rock that has a greater percentage
of wear than for trap rock,

and for limestone, shall

be rejected. (A.S.T.M.D. 2-08.)
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The freezing and thawing shall

be repeated to a total of ten ex-

posures. If any tendency to disin-

tegrate is observable the stone

should be considered unsuitable for

ballast. Otherwise the material

shall again be subjected to a wear
test as provided under Test No. 1.

If in this wear test the maximum
decrease in weight shall be in ex-
cess of . . per cent, it shall be
deemed unsuitable for use as ballast.

(Note—Of the stone available,

that showing the minimum average
decrease in weight should be used

;

a high quality stone for ballast will

not show a decrease in fragments
which will pass the minimum sizing

screen of more than 4 per cent.)

6. Absorption. One-half cubic

yard of washed stone, which will

pass through the maximum and be
retained on the minimum screen,

shall be spread over a wire mesh
or iron surface to a depth of not
more than 3 inches, and exposed to

a dry heat of from 125 to 140 deg.

Fahr. for a period of six hours.
After the dried stone is carefully

weighed it shall be submerged in

clean water for a period of 96 hours.

It shall then be removed from water
and exposed to a normal air in the
shade and at a temperature between
40 and 80 degrees, and allowed to

drip for 30 minutes, when it shall

again be weighed and the difference

in weight shall be used to determine
the rate of absorption. Stone show-
ing an absorption of more than .

.

lb. per cubic foot is unsuitable for
ballast.

(Note—Of the stone available,

that showing the minimum absorp-
tion should be used ; a high quality

stone for ballast will have an ab-
sorption, of not more than 0.50 lb.

per cu. ift.)

7. Cementing Quality. A five

pound sample of the rock thor-

oughly washed and dried shall be
crushed until it will pass through a

screen of one-fourth inch mesh.
This material shall be placed in a
ball mill which contains two steel

shot weighing 20 lb. each, and the

mill revolved at the rate of 30 revo-

lutions per minute, until it has made
2,000 revolutions for each pound of

sample in the mill.

Proposed Specification

6. Cementing Quality. One-
half kg. (1.1 lb.) of stone which can

be crushed to pea size, shall be placed

(dry) in a ball mill which contains

two steel shot weighing 9.07 kg. (20
lb.) each, given 5,000 revolutions at

the rate of thirty (30) revolutions

per minute, and the dough resulting

from a mixture of the dust,

screened through a 100 mesh sieve,

and water, placed in an air tight

vessel for three (3) hours, and then
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Sufficient clean water shall be
added to make a consistent mortar,
which shall, then be moulded into
one inch cubical briquettes, formed
under 10 lb. pressure. All of the
briquettes shall then be allowed to
dry 20 hours in air, when one-third
of them shall be tested for com-
pressive strength.

One-third shall be kept for four
hours in a steam bath, and the re-

mainder shall be immersed for four
hours in clean water at a tempera-
ture between 50 and 60 deg. Fahr.
and then tested for compressive
strength.

If m any of these tests a com-
pressive strength greater than .

.

lb. per sq. in. is developed, the ma-
terial shall be deemed unsuitable
for ballast.

(Note—Of the stone available,

that from which the briquettes show
the minimum strength should be
used ; a high quality stone will show
not to exceed 4 lb. per sq. in.)

Requirements.

8. Breaking. Stone for ballast
shall be broken into fragments
which range with fair uniformity
between the size which will in any
position pass through a 2% in. ring
and the size which will not pass
through a J^ in. ring.

Proposed Specification

rekneaded, shall be made into six

cylindrical briquettes 25 m.m. (0.98
in.) in diameter and 25 m.m. in

height and formed under a pressure •

of 132 kg. per sq. cm. (1877.5 lb. per
sq. in.) after which they shall be
allowed to dry 20 hours in air, four
hours in a hot air bath at 100 deg.

C. (212 Fahr.) and then cooled for
twenty minutes in a desiccator, and
immediately tested in a machine for
ascertaining the crushing strength
in pounds per square inch, which is

the measure of the cementing value
of the rock, the average of five (5)
determinations being taken. Rock
which has a greater cementing value
than shall be rejected.

7. Frequency. Tests may be
made from time to time at the option
of the purchaser, and especially when
new strata are being opened up for

crushing into ballast.

8. Selection of Samples. Each
stratum of a quarry shall be tested

separately and not averaged with
any other stratum. (A.S.T.M.D.
75-22.)

9. Averaging. For obtaining
the values for physical tests, the

average results on the numbers of

specimens stated in the following
table shall be taken

:

u

g «

No. of
Tests. 5

c

to
3
O
H

bo
c

U>

5 5

w
a
•a
c
3
O
CO

5

10. Place for Tests. Such
tests as are deemed necessary shall

be made at a testing laboratory se-

lected by the purchaser, but visual

inspection and other tests shall be
made at the place of manufacture
prior to shipments as often as con-
sidered necessary.

Production Requirements.

11. Breaking. Stone for bal-

last shall be broken into fragments
which range with fair uniformity
between the size which will in any
position pass through a two and
one-half (2j4) inch ring and the

size which will not pass through a
three-quarter (^) inch ring.
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9. Test for Size. (Maximum)
A sample weighing not less than ISO
lb. shall be taken from the ballast

as loaded in the cars and placed in

or on a screen having round holes
2^4 in. in diameter. If a thorough
agitation of the screen fails to pass
through the screen 95 per cent, of
the fragments, as determined by
weight, the output from the plant
shall be rejected until the fault has
been corrected.

(Minimum) A sample weighing
not less than 150 lb. shall be taken
from the ballast as loaded in the

cars ; weighed carefully and placed

in or on a suitable screen having
round holes l4 in. in diameter. The
screen shall then be agitated until

all fragments which will pass
through the screen have been elimi-

nated. The fragments retained in

the screen shall then be weighed
and if the weight is less than 95 per
cent, of the original weight of the
sample the output of the plant shall

be rejected until the fault is cor-
rected.

10. Handling. Broken stone
for ballast must be delivered from
the screens directly to the cars or
to clean bins provided for the stor-

age of the output of the crusher.
Ballast must be loaded into

cars which are in good order and
tight enough to prevent leakage and
waste of material and are clean and
free from sand, dirt, rubbish, or
any other substance which would
foul or damage the ballast material.

Proposed Specification

12. Test for Size. (Maxi-
mum) A sample weighing not less

than 150 lb. shall be taken from the
ballast as loaded in the cars and
placed in or on a screen having
round holes two and three-quarter

(2^) inches in diameter. If thor-
ough agitation of the screen fails

to pass through the screen ninety-

five per cent, of the fragments, as
determined by weight, the output
from the plant shall be rejected
until the fault has been corrected.

(Minimum) A sample weighing
not less than 150 lb. shall be taken
from the ballast as loaded in the
cars ; weighed carefully and placed
in or on a suitable screen having
round holes three-quarter (54) inch
in diameter. The screen shall then
be agitated until all fragments
which will pass through the screen
have been eliminated. The frag-

ments retained in the screen shall

then be weighed and if the weight is

less than 95 per cent, of the original

weight of the sample, the output of
the plant shall be rejected until the

fault is corrected.

13. Handling. Broken stone

for ballast must be delivered from
the screens directly to the cars or
to clean bins provided for the stor-

age of the output of the crusher.

Ballast must be loaded into cars

which are in good order and tight

enough to prevent leakage and
waste of material and are clean and
free from sand, dirt, rubbish, or any
other substance which would foul

or damage the ballast material.

14. Cleaning. The ballast shall

be free from dirt, loam, dust or
rubbish. When the rock is of such
a nature that it does not become
clean without preliminary scrubbing,

a scrubbing machine shall be pro-
vided at the quarry.

15. Defect Found After De-
livery. As it is impracticable to in-

spect all the ballast loaded in cars,

carloads of defective material arriv-

ing at the site for unloading, and
not previously inspected, shall be re-

jected and returned to the manu-
facturer, who must pay the freight

charges both ways. If unloaded
prior to discovery of defectiveness,
payment without return of the re-

jected ballast shall be refused to
the manufacturer.
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11. Inspection. Inspectors rep-
resenting the purchaser shall have
free entry to the works of the
manufacturer at all times while the
contract is being executed, and shall

have all reasonable facilities

afforded them by the manufacturer
to satisfy them that the ballast ma-
terial is prepared and loaded in ac-
cordance with the specifications and
contracts.

,
In case the inspection develops

that the material which has been or
is being loaded is not according to
specifications, the inspector shall
notify the manufacturer to stop
further loading and to dispose of all

cars under load with defective ma-
terial.

As the quarry deepens or is en-
larged, further tests shall be made
of the material whenever conditions
indicate a change in the quality of
the stone, or where in the judgment
of the Engineer for the Company,
a further test is advisable. Should
such tests show that the stone fails
to meet the provisions of these
specifications, it shall not be used
for the manufacture of ballast.

_
12. Measurement. Ballast ma-

terial may be reckoned in cubic
yards or by tons, as expedient.
Where ballast material is handled in
cars, the yardage may be deter-
mined by weight, after ascertaining
the weight per cubic yard of the
particular stone in question by care-
ful measurement and weighing of
not less than five cars filled with the
material, or the tonnage may be
determined for subsequent cars by
measurement and converting the
yardage into tonnage by use of the
weight per yard as determined
above.

Proposed Specification

16. Inspection. Inspectors rep-
resenting the purchaser shall have
free entry to the work of the
manufacturer at all times while the
contract is being executed, and shall

have all reasonable facilities

afforded them by the manufacturer
to satisfy them that the ballast is

prepared and loaded in accordance
with the specifications and contracts.

In case the inspection develops
that the material which has been
or is being loaded is not according
to specifications, the inspector shall

notify the manufacturer to stop
further loading and to dispose of
all cars under load with defective
material.

17. Measurement. Ballast
material may be reckoned in cubic

yards or by tons, as expedient.
Where ballast material is handled
in cars, the yardage may be deter-

mined by weight, after ascertaining

the weight per cubic yard of the
particular stone in question by care-

ful measurement and weighing of
not less than five cars filled with
the material, or the tonnage may be
determined for subsequent cars by
measurement and converting the
yardage into tonnage by the use of
the weight per yard as determined
above.

Note 1—High quality stone will

have the following values

:

Limestone Trap
Weight per cu. ft 168 175
Toughness 10 15
Wear 5 3
Cementing Quality 4 lb. 1 lb.

Note 2—Notation under tough-
ness, wear and selection of samples
refers to the Standard Methods of
the American Society for Testing
Materials.
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Appendix C

COST OF TRACK MAINTENANCE WITH DIFFERENT KINDS
OF BALLAST, CONSIDERING VARIOUS CONDITIONS
SUCH AS TRAFFIC, SPEED, ROADBED, CLIMATE AND
COST OF PRODUCTION

C. B. Breed, Chairman, Sub-Committee ; G. D. Hughey, J. H. Reagan,

P. H. Winchester, H. C. Smith.

In the assigned subject it is clearly intimated that the results will

depend upon many conditions, six of which are specifically set forth. Cost

of placing ballast may in fact be affected by many other conditions, such

as organization of ballast gangs, partial or complete use of mechanical

tampers, types of tampers employed, main line or branch, depth of ballast,

weight of rail, spacing of ties, and as many more. The cost of produc-

tion of ballast alone is a considerable subject.

Your Sub-Committee is unanimously of the opinion that any com-

prehensive investigation of the subject assigned must of necessity be

lengthy and cover more than one year—possibly require three to five

years of work of an active committee, coupled with a generous amount

of co-operation on the part of the Maintenance of Way Department of

the railroads.

The assigned subject first should be divided into its separate logical

parts and then these parts arranged in logical sequence if either of these

is possible. The following tentative logical separation of the subject

is suggested merely as a beginning; it is by no means complete. This

outline should be modified and extended as the Committee's work prog-

resses. The purpose of presenting any such tabulation in this progress

report is to suggest the magnitude of the work for any committee that

undertakes a comprehensive study of this subject, rather than to lay out

a fixed sequence for its study.

I. Cost of Production of Ballast.

(A) Broken Stone.

a. Kind and sizes of stone.

b. Drilling and blasting ledge.

c. Crusher Plant, including Loading. «

d. Purchase price from vender.

e. Transportation.

(B) Gravel.

a. Excavation.

b. Screenings, Washing and Loading Plant.

c. Purchase price from vender.

d. Transportation, including Loading.

Similar subdivisions for (C) Cinders, (D) Run-of-bank Gravel, (E)
Slag.
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II. General Method and Tools and Equipment Used in Ballasting.

A. Ballasting by Hand Tamping only.

B. Ballasting partly by hand and partly by Machine Tamping.

C. Ballasting by Machine Tamping only.

D. Track maintenance other than Ballasting.

Separation of each of these processes into the main conditions under

which it is done, such as

:

1. Organization of gang and equipment used. (This has been re-

ported upon by previous committees in so far as it relates to

certain classes of work.)

2. Kind and depth of ballast used.

3. Amount of lift.

4. Character and condition of subgrade encountered.

5. New type of ballast or renewing same type.

6. Weight of rail, size and kind of tie and tie spacing.

7. Is grade of line raised?

8. Traffic Conditions.—On Main Line—density of traffic—in one

or both directions.

(a) Trains slow down.

(b) Trains do not slow down.

On Branch Line.

In Freight Yards.

In Coach Yards.

In Terminal Tracks, involving many turnouts and frequent train

movements, no holding of trains.

(a) Same where train movements are infrequent.

9. Tampers Used:
Hand.
Air.

Electric

10. Type of Labor.

11. Idle Time:
Amount.

Causes.

12. Overhead Expenses properly assignable

:

Interest on Cost of Tools and Machines.

Machine Depreciation and Repairs.

Use of Rolling Stock and Train Crews.

Allocation of Supervising and General Expenses.

Progress in a study of some of the above elements of the subject

has been made by former committees and their results have been published

in the Bulletin. But the subject as a whole has not been comprehensively

studied by the Association. A desire to obtain such a study is indicated by

the extensiveness of the subject assigned this Sub-Committee. It was so

inclusive that the Sub-Committee was at a loss to know where to begin;

in fact, it soon realized that even the comprehensive subject as assigned

failed to include many important elements which affect the results. It
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seemed wise, therefore, that the Sub-Committee devote its attention this

year to a study of the way to approach this subject and to separate it, if

possible, into subjects sufficiently limited in scope to admit of good

results from one year of sub-committee work.

This examination resulted in the conclusion that, while there is a

more or less logical separation of the subject as indicated above, still if

the work of the Committee which shall handle this subject is limited so

that in one year only a part of the subject will be studied and another

part in another year, and so on, it will simply duplicate the circularization

work among the railroads. A railroad may be having excellent experience,

or be well set to make the observations your Committee may desire, with

reference to a certain type of work this year, whereas next year it may
not be as convenient to make observations on a particular type of work.

The repeated circularization of the M. of W. Departments of the differ-

ent railroads is also not a wise policy as it becomes burdensome to the

departments. It seems better, therefore, that the Committee send out to

the M. of W. Departments a statement of the kinds of observations it

desires to have made, together with a suggestion of the particular details

it is required to observe.

An effort should be made to obtain from various railroads data in

as specific form as possible covering their particular problems ; no attempt

should be made to set up any particular kind of a project and request infor-

mation upon it, but rather the Committee should bend its efforts towards

educating the M. of W. Departments of the different railroads in making
the necessary observations on any ballasting work that may be undertaken

and in recording them. The Sub-Committee should collect and edit these

reports and should itself report certain results from year to year, with

perhaps a somewhat comprehensive report in, say, three to five years.

The important function of the Committee will be its service as a clearing

house of information on the subject and the presentation of these facts

in useful shape.

The inherent weakness of cost or time studies is the lack of descrip-

tion so clear and comprehensive that every mind familiar with that general

type of work will obtain the same and accurate mental picture of the

conditions there prevailing. To attain such a result requires the utmost

care in observation and a superior ability of descriptive expression. There

are two ways in which this may be accomplished— (a) by long question-

naires
; (b) by calling attention to the facts it is desired to observe and

leaving it with each road to report upon these facts in its own language.

A long questionnaire is discouraging to co-operation and has many other

fundamental defects. A long statement of the many facts it is necessary

to observe in work is unavoidable. In fact, there are so many conditions

to be accurately observed in the simplest case of ballasting, if the results

are to be of any value, the Committee will be helpless unless the M. of W.
Departments of the railroads are willing to "go the limit" in the matter

of co-operation.
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The final results it is desired to obtain from a study of this subject

are obviously the unit cost of producing and of placing ballast in track

under different conditions, these conditions being selected as typical. They
will vary with geographical location, with the wisdom or lack of wisdom
with which the work is managed, the amount of lost time, whether or not

it includes depreciation on equipment and tools and a portion of gen-

eral overhead expenses. Those who have had special experience in main-

tenance of way work realize that much money is wasted in those rela-

tively smaller details of track work which are seldom brought out with

sufficient prominence in time studies—such as too many men in the gang;

men in each other's way; work not properly organized to carry out the

various stages in proper sequence ; improperly trained foremen ; time lost

waiting for materials ; interference by traffic ; lack of co-operation in

Operating Department ; work imprudently done at the wrong time of the

year; unusual weather conditions; train crews not closely checked, pro-

ducing excessive overtime ; machinery not in good operating condition due

to poor maintenance or lack of foresight in ordering necessary spare parts.

It will be noticed that many of these conditions stated are adverse

criticisms. The Committee appreciates that it will be difficult to obtain

reports from railroads of adverse conditions, especially when these adverse

conditions permitted of corrections. It is realized, however, that these

very conditions often considerably affect the unit cost of ballasting, and

to make the work of a Sub-Committee which undertakes the study of this

subject of real value to other M. of W. Departments it will be neces-

sary to obtain co-operation from all M. of W. Departments of railroads

to the extent that their own faults will be frankly confessed and fully set

forth in their reports to the Sub-Committee. These reports will be

treated as confidential and their results entered in reports of the Com-

mittee under some arbitrary headings which will give no clue as to the

particular road to which they apply.
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Appendix D

BALLASTING BY CONTRACT

G. H. Harris, Chairman, Sub-Committee; G. J. Bell, C. M. Cannon,

C. K. Scott.

The Committee in its report for 1918 reported adversely on the

question of the advisability of ballasting by contract and its conclusion

was adopted by the Association and published in the Manual (see page

94, Manual of 1921).

The subject was re-assigned this year and the Committee feels, in

view of the somewhat widespread interest now being taken in main-

tenance work by contract, as well as the adoption of this method by

some of the railroads with representatives in the Association, that a

revision of the Manual, to the extent at least that this method is not

discouraged, be made ; also that further consideration be given to the

preparation of rules for the guidance of those who desire to undertake

the application of ballast in this manner.

The Committee at this time has no definite rules to offer, but is

submitting as information a typical form of contract and specifications

which have been followed with some success by one of the roads, the

contract form being drawn up along the lines of the general contract

already adopted by the Association, but modified to suit this particular

kind of operation, and the specifications being arrived at after about

fifteen years' of experience as to the best methods of carrying out

details of ballasting under traffic.

It is our conclusion that, in view of the widespread interest taken

in this subject, the Manual should be changed by eliminating the caption

"Ballasting by Contract," and also the subject matter thereunder.

SPECIFICATIONS .

Skeletonizing.

In skeletonizing tracks the old ballast must be removed to the bot-
tom of the ties uniformly across the entire ballast section, and the ma-
terial so removed must be deposited on the roadbed shoulders and kept
below the level of the bottom of the ties and be leveled off to form a
uniform berme outside of the stone ballast line.

Ties and Tie Renewals.

All tics must have a bearing against the rail and full spiked with all

spikes driven home before tamping.
All ties, including those installed under terms of the contract, shall

be spaced during the ballasting operations, so that standard tie spac-
ing at joints and throughout length of rails shall be obtained.

The unit price for tie renewals shall include the necessary trucking
of new and old ties, a distance not to exceed 200 ft.

Old ties shall be piled at proper distance from tracks for burning.
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Unloading of Stone Ballast.

Stone ballast, delivered in Rodger ballast or hopper cars by Railroad
Company's work train, shall be unloaded and distributed by the Contractor.

The Contractor will pick up and truck surplus stone to points where
needed in case of improper distribution.

Lifting.

The average lift for each mile will be determined by dividing the
sum of the lifts of each station in such mile by the number of stations in

a mile; if the average lift so determined falls at eight inches or less

than eight inches, the price paid for such mile shall be the price given in

the contract for average lift of eight inches; if the average so deter-
mined falls between eight inches and ten inches, the contract price for

average lift of ten inches will apply; and if the average lift so deter-

mined falls between ten and twelve inches, the contract price for average
lift of twelve inches will apply; and if the average lift so determined
exceeds twelve inches, the price to be applied will be arrived at by mul-
tiplying one-twelfth of the contract price for a twelve-inch lift by the

actual inches and fractions of an inch lifted.

The lift upon which payments are based is the distance between the

top of rail of the track in its original position and the top of the stakes

set for top of rail elevation.

All lifts in excess of eight inches shall be made in two stages, and
an interval of not less than three days shall elapse between each lift

and between the last lift and the surfacing lift, and the track shall be so

tamped during the lifting operations that when surfacing lift is given
the track shall be lifted at least one inch and not more than two inches,

to bring it to the grade of the stakes.

After all lifts tracks must be maintained by the Contractor in proper
shape for a speed of thirty (30) miles per hour and after final surface

lift must be maintained by the Contractor until accepted by the Engineer
in such condition that trains may run at full speed.

In measuring track lifted, turnouts and cross-overs will be considered

as main tracks and Contractor shall so regulate his work and forces that

at no time will there be over one (1) mile of track uplifted upon which
stone has been distributed, nor .shall a greater distance than three and
one-half (3j^) miles be included within the slow boards at any time.

In lifting, all ties Jhat are pulled loose must be replaced in proper
position.

Surfacing, Lining and Trimming.

Every tie must be well tamped with tamping pick or tamping bar, as
directed, from a point 16 inches inside of each rail to the end of the tie,

tamping outside of the rails first.

The track must be lined and surfaced to stakes.
Contractor shall trim the ballast to conform to the standard road-

bed section and the portion of the sub-grade outside of stone ballast
line shall be left in same condition as before any work was done by the
Contractor.

After the Contractor has trimmed the track to the standard section

with the available stone and has complied with the above regulation with
respect to larrying, he shall load on cars the accumulated surplus in

excess of that required for the standard section and shall unload such
amount as is required where there is an insufficient amount.

In measuring, lining, surfacing and trimming, turnouts and cross-
overs will be considered as main track. No allowance will be made in
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estimate for work until same has been accepted by the engineer in

charge.

Crossings.

All crossings must be properly maintained by the Contractor while
the work being done by him is in progress, and all planking and cattle

guards replaced when ballasting through crossings is completed.

Rail Anchors.

Rail anchors removed I)y the Contractor or moved during his opera-
tions shall be re-applied.

This Agreement, made this first day of April, 192.., by and between
, party of the first part, hereinafter, called

the Contractor, and , party of the second
part, hereinafter called the Company.

WITNESSETH, that in consideration of the covenant and agreements
hereinafter mentioned to be performed by the parties hereto, and of the

payments agreed hereinafter to be made, it is mutually agreed as follows

:

The Contractor shall furnish all superintendence, labor, transporta-

tion and camp supplies, except as hereinafter specified and shall execute,

construct and finish in an expeditious, substantial and workmanlike man-
ner, to the satisfaction and acceptance of the Chief Engineer of the

Company, the stone ballasting of single

track miles, more or less, of the Company in the United States, in ac-

cordance with specifications attached, identified by ihe signatures of the

parties hereto, and the following general conditions and requirements
forming part of this contract

:

It is understood that by mutual consent of both parties the terms
and provisions of this agreement may be extended to cover additional

locations of work to those specified above.

The work covered by this contract shall be commenced by the Con-
tractor within ten days after being notified by the Company that work
is to proceed.

And in consideration of the completion of the work described herein

and the fulfillment o£ all stipulations of this agreement to the satisfac-

tion and acceptance of the Chief Engineer of the Company, the said

Company shall pay or cause to be paid to said Contractor amount due
to the Contractor based on the following prices

:

$ per mile of track skeletonized in gravel.

$ per mile of track stone ballasted with average lift of
twelve (12) inches.

$ per mile of track stone ballasted with average lift of

ten (10) inches.

$ per mile of track stone ballasted with average lift of
eight (8) inches.

$ per tie installed.

$ per mile additional for each mile of track stone bal-

lasted under new rail not spaced.

It is mutually agreed that the unit prices hereinbefore set forth are

based on a common labor rate of cents per hour
and that such unit prices shall be increased or decreased from time to

time in the same ratio as the rate paid by the Contractor to common
labor bears to the basic rate of cents per hour.
Variations in rate of pay to common labor not to be put into effect in the

absence of written consent of the Chief Engineer.
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General Conditions

Contractor's Understanding.

1. It is understood and agreed that the Contractor has, by careful
examination, satisfied himself as to the nature and location of the work,
general local conditions and all other matters which can in any way
affect the work under this contract. No verbal agreement or conversa-
tion with any officer, agent or employee of the Company, whether before
or after the execution of the contract, shall affect or modify any of the
terms or obligations herein contained.

Intent of Specifications.

2. Any work required which is not denoted in the specifications,

either directly or indirectly, but which is nevertheless necessary for the
proper carrying out of the intent thereof, the Contractor is to under-
stand the same to be implied and required, and shall perform all such

work as fully as if same were particularly delineated or described.

Rights of Various Interests.

3. Whenever work being done by Company forces or by other con-
tractors is contiguous to work covered by this contract, the respective
rights of the various interests involved shall be established by the Engi-
neer to secure the completion of the various portions of the work in

general harmony.

Consent to Transfer.

4. The Contractor shall not let or transfer this contract, or any
part thereof, without consent of the Chief Engineer, given in writing.

Superintendence.

5. The Contractor shall constantly superintend all of the work
embraced in this contract, in person, or by a duly authorized manager
acceptable to the Company.

Inspection.

6. All work shall be at all times open to the inspection, acceptance
or I ejection of the Engineer, or his duly authorized representative.

Defective Work.
7. Any omissions or failure on the part of the Engineer to dis-

approve or reject any work shall not be construed to be an acceptance of
any defective work. The Contractor shall correct, at his own expense,
any work condemned by the Engineer without extra charge and in

default thereof the same may be done by the Company at the Con-
tractor's expense, or in case the Chief Engineer should not consider the

defect of sufficient importance to require the Contractor to rebuild or
correct the imperfect work, he shall have the power and is hereby
authorized to make an equitable deduction from the stipulated price.

Insurance and Compensation.

8. The Contractor hereby agrees to and shall save the Company
harmless and indemnify it against any and all claims, demands, suits,

proceedings, actions, judgments or decrees whatsoever, preferred by the
employees of said Contractor, or any sub-contractor, any insurance com-
pany or otherwise, arising by reason of any loss by, damage or injury to

or death of any of the employees of said Contractor, or any sub-con-
tractor, whether occasioned by the acts or faults of the Company, its

servants or agents, or otherwise, and the Company shall be entitled to

withhold out of any indebtedness due to the Contractor a sufficient amount
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to answer and satisfy same; and the Contractor further agrees to fully

insure his employees and the public in some responsible surety or casualty

company; or, if he prefers, may carry the risk himself of insuring his

men at the prevailing rates under the so-called Compensation Acts of

the States of Michigan and Indiana and of insuring the public, except
passengers while riding in or on, or while getting on or alighting from
trains, at the prevailing rates for ten thousand dollars ($10,000) in respect

to death or injury to any one person and of twenty thousand dollars

($20,000) in respect to any one accident.

Sub-Contractor's Insurance.

9. The Contractor agrees that he will exact from any sub-contractors

that may do any work under this contract, the maintenance of liability

insurance protecting their workmen and the public against injur>' or dam-
age to same extent as provided in Article 8.

Order and Discipline.

10. The Contractor shall at all times enforce strict discipline and
good order among his employees, and any employees of the Contractor
who shall appear to be incompetent, disorderly or intemperate, or in

any other way disqualified for or unfaithful to the work entrusted to

him, shall be discharged immediately on the request of the Engineer
and he shall not again be employed on the work without the Engineer's
consent, given in writing.

Contractor Not to Hire Company's Employees.

11. The Contractor shall not employ or hire any of the Company's
emploj-ees without the permission of the Engineer.

Intoxicating Liquors Prohibited.

12. The Contractor, insofar as his authority extends, shall not per-
mit the sale, distribution or use of any intoxicating liquors upon or
adjacent to the work, or allow any such to be brought upon, to or near
the line of the railway of the company.

Cleaning Up.
13. The Contractor, as directed by the Engineer, shall remove from

the Company's property and from all public and private property, at his

own expense, all temporary structures, rubbish and waste resulting from
his camp operations.

Engineer and Chief Engineer Defined.

14. Whenever the word Engineer in this contract is used, it shall

be understood as referring to the Division Engineer of the Company
upon whose territory the work in question is in progress; and whenever
the words Chief Engineer are used, it shall be understood as referring
to the Chief Engineer in person.

Power of Engineer.

15. The Engineer shall have the power to reject or condemn all

work which does not conform to this contract ; to direct the application

of forces to any portion of the work which in his judgment requires it;

to order the force to be increased or diminished; and to decide questions
which arise between the parties relative to the execution of the work.

Adjustment of Dispute.

16. All questions or controverics which may arise between the Con-
tractor and the Company under or in reference to this contract shall be
subject to the decision of the Chief Engineer, and his decision shall be
final and conclusive upon both parties,

A
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Order of Completion.

17. The Contractor shall complete any portion of the work in such
order as the Engineer may require.

Changes.
18. The Company shall have the right to make any changes that

may be hereafter determined upon in the quantity of the work covered
by this contract, and such change shall in no way affect or void the
obligations of this contract.

Incidental Work Contemplated Under Contract.

19. No bill or claim for extra work of any kind shall be allowed
for any item or work or expense of any kind, incident to or occasioned
by the work of stone ballasting or skeletonizing track in gravel ; it being
understood by and agreed to by the Contractor that cost of all such work
is covered by the agreed unit prices without any extras whatsoever.

Extra Work Foreign to Contract.

20. No bill or claim for extra work foreign to the work contem-
plated under this contract shall be allowed or paid, unless the doing of
such extra work shall have been authorized in writing by the Engineer.
The price for such work shall be determined by the Chief Engineer, who
may either fix a unit price or may, if he so elects, provide that the price

shall be determined by the actual labor cost, to which shall be added
ten per cent. (10%) to cover general expense and superintendence. If

the Contractor shall perform any work, or furnish any material which
is not provided for in this contract, or which has not been authorized
in writing by the Engineer, said Contractor shall receive no compensa-
tion for such work or material so furnished, and does hereby release

and discharge the Company from any liability therefor.

Suspension of Work.
21. The Company may at any time stop the woi-k, or any part

thereof, by giving ten (10) days' notice to the Contractor in writing.

The work shall be resumed by the Contractor ten (10) days after the

date fixed in the written notice from the Company to the Contractor to

do so. The Company shall not be held liable for any damages or antici-

pated profits on account of the work being stopped, or for any work
done during the interval of suspension.

Expediting Work; Correcting Imperfections.

22. If the Chief Engineer of the Company shall at any time be of
the opinion that the Contractor is neglecting to remedy any imperfec-

tions in the work, or is not progressing with the work as fast as neces-

sary, he may give the Contractor ten days' notice in writing and at the

end of that time, if the Contractor continues to neglect the work, the

Company may provide labor and deduct the cost from any money due
the Contractor under the agreement.

Transportation to Be Furnished By Company.
23. The Company will furnish the Contractor free transportation

for his employees and supplies necessary to the carrying out of this

contract, over its own lines, insofar as permitted by regulations of the

Interstate Commerce Commission.

Securing of Labor, Etc.

24. The Contractor shall assume and bear all cost and expense
incidental to recruiting labor for work to be done under this contract,

such cost and expense including labor agents' fees, telegrams, railroad

fares (except as provided in Section 23) and all expenditures of any
other nature whatsoever.
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Tools.

25. The Contractor will furnish all the tools required for the work
contemplated under this contract, with the exception of hand cars, signal

lanterns, flags and torpedoes.

Camp Equipment.

26. The Company will provide the Contractor with an adequate
supply of bunk cars, heating stoves, fuel and a supply of water when
local supply is not available ; all other camp equipment to be provided
by the Contractor.

Annulment.

27. The Company shall have the right at any time, for reasons
which appear good to it, to annul this contract upon giving ten (10) days'

notice in writing to the Contractor.

Monthly Estimate.

28. So long as the work herein contracted for is prosecuted in

accordance with the provisions of this contract, and with such progress
as may be satisfactory to the Chief Engineer, the Engineer will, on or

about the first day of each month, make an approximate estimate of the

value of the work done up to and including the last day of the previous
month. The amount of said estimate, after deducting 10 per cent, and
all previous payments, shall be due and payable to the Contractor on or

about the fifteenth day of the current month.

Acceptance.

29. The work shall be inspected for acceptance by the Company
promptly upon notice given to the Engineer.

This agreement shall inure to the benefit of and be binding upon the

legal representatives and successors of the parties respectively.

In Witness Whereof, the parties hereto have executed this agree-
ment the first day of April, 192...

The

By
General Manager

Approved

:

Chief Engineer

By





REPORT OF COMMITTEE VI—BUILDINGS
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G. A. Belden, a. C. Irwin,
Eli Christiansen, F. R. Judd,
F. O. Condon, D. F. McLaughlin,
Arthur Crable, G. A. Mitchell,
H. G. Dalton, Milburn Moore,
W. L. Darden, L. G. Morphy,
F. M. Davison, F. L. Riley,
Hugo Filippi, G. A, Rodman,
A. M. Griffin, A. L. Sparks,
E. A. Harrison, O. G. Wilbur,

A. H. Williamson,
Committee.

To the American Raihvay Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

1. Revision of Manual.
The Sub-Committee appointed to handle this subject has

made careful analytical study of all the subject-matter now in

the Manual, but is not yet ready to present its conclusions and

reports progress with no recommendations for changes.

2. Freight House Design.

No work was done on this subject during the past year.

3. Specifications for Buildings for Railway Purposes.

Additional specifications covering Roofing were prepared,

shown in Appendix A.

The Committee feels that the specifications printed in Bul-

letin 254, and presented to the Convention in March, 1923

:

Concrete Roofing Tile

Clay Tile Roofing
Electric Light Wiring
Hot Air Heating
Hot Blast Heating
Architectural Terra Cotta
Concrete Architectural Stone

have been carefully considered and offer them for approval by

the Convention for printing in the Manual.

4. Ventilation of Railway Buildings, Except Engine Houses.

(Appendix B)

5. Ornamental Roof Coverings for Passenger Stations.

This subject will be taken care of in connection with the

revision of the Manual.

6. Location and Design of Signs for Passenger Stations.

(Appendix C)

Bulletin 272, December, 1924.

459
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7. Outline of Work for Ensuing Year.

The Committee offers no new subjects, believing it best that

concentrated effort be made to complete the subjects not yet

fully reported on now, and stands ready to undertake any work
that the Committee on Outline of Work believes necessary in

addition to the contemplated subjects.

8. Floors for Railway Buildings.

The Convention of last year referred back to the Committee

from its report on Floors for Railway Buildings, the conclusions

with regard to Floors for Freight Houses and Floors for Engine

Houses. The conclusions on these types of floors have been

reviewed and the Committee submits the following:

Freight Houses.

In small houses, which are usually of frame construc-

tion, a plank floor laid on wooden joists is satisfactory and
economical. In larger and more important houses, where
much trucking is done, a floor of greater first cost is justified

and appreciable economies in operation can be obtained by

the selection of a suitable trucking surface. Concrete floors

are fairly permanent, sanitary and easy to keep clean, but

have as disadvantages a possible failure of the wearing sur-

face, especially at expansion joints, and an unyielding surface

which occasionally produces complaints from truckers.

Expansion joints should be located outside of the heavily

used surface wherever practical. If a concrete surface is

not considered suitable, some different type of wearing sur-

face such as square edge maple, wood or asphalt blocks or

asphalt mastic may be laid on the concrete. A creosoted

wood plank floor on a concrete base with a wearing surface

of untreated maple flooring has been known to give very

satisfactory service. If the cost of a concrete base is not

justified an excellent floor can be made by laying creosoted

plank on a fill of cinders or gravel, the top layer of which

is treated with tar or some asphaltic compound, and covering

the creosoted plank with a maple wearing surface. Asphaltic

concrete may be applied over a wood base with good results.

Engine Houses.

In minor houses, where not many running repairs are

made, a floor of clean engine cinders, well compacted, is

frequently used but whenever possible a better type floor

should be provided. For houses of more importance concrete

floors or floors of brick or creosoted wood blocks on concrete

base should be used. Asphalt floors, either mastic or block,

if used in engine houses, should be of such composition as

to resist the action of steam and oil.
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Action Recommended

1. No action desired.

2. No action desired.

3. That Specifications for Railway Buildings, covering the following

subjects, be approved for publication in the Manual:

Concrete Roofing Tile

Clay Tile Roofing

Electric Light Wiring

Hot Air Heating

Hot Blast Heating

Architectural. Terra Cotta

Concrete Architectural Stone

(see Bulletin 254, February, 1923)

and that the Specifications in Appendix A be given consideration by the

Association so that the Committee may have the benefit of any criticisms

before recommending for publication in the Manual.

4. Is presented as information.

5. No action desired.

6. That the conclusions and recommendations in Appendix C includ-

ing diagram be approved for publication in the Manual.

8. That the conclusions with regard to Floors for Engine Houses

and Floors for Freight Houses be approved for publication in the Manual.

Respectfully submitted,

The Committee on Buildings,

W. T. DoRRANCEj Chairman.
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Appendix A

SPECIFICATIONS FOR RAILWAY BUILDINGS

J. W. Orrock, Chairman, F. R. Judd, Vice-Chairman, Sub-Committee;

G. A. Belden, F". M. Davison, A. C. Irwin, G. A. Rodman,

A. L. Sparks.

SECTION 22

Roofing

1. General.

The Contractor shall furnish all labor, material tools and equipment

necessary to entirely complete the Roofing, to make the work watertight,

and shall leave it in a neat and finished condition.

2. Materials.
iJ i--MJ 4h 1:1

Fitch.—Pitch shall be the best quality, straight-run American coal-

tar pitch, distilled direct from coal-tar and free from water and ammonia.

It shall contain not less than fifteen (15) per cent nor more than thirty-

five (35) per cent of free carbon. The melting point shall be not below

140 deg. Fahr. nor above 150 deg. Fahr. (A.S.T.M. cube method) and

it shall show a flashpoint of not less than 240 deg. Fahr.

Asphalt.—Asphalt shall be a combination of natural asphalt pre-

pared and combined properly in which inherent mineral matter will be

permitted but to which no mineral matter shall be added. The melting

point of asphalt shall be between 140 deg. Fahr. and 180 deg. Fahr. The

penetration at 11 deg. Fahr. under a load of 100 grams for 5 seconds shall

be not less than 20 mm. or more than 30 mm. The ductility at 11 deg.

Fahr., when a briquette of the material having a minimum cross-section

of 1 centimeter is pulled apart at the rate of 5 centimeters per minute, shall

be not less than 10 centimeters for asphalt having a melting point under

165 deg. Fahr., nor less than 3 centimeters for asphalt having a melting

point between 165 deg. Fahr. and 180 deg. Fahr. The loss of a 50 gram

sample at 325 deg. Fahr. for 5 hours shall not exceed 1 per cent. The

penetration of the residue at 11 deg. Fahr. under a load of 100 grams

for 5 seconds shall be not less than 10 mm. nor more than 15 mm. The

methods of making tests shall be in accordance with the standard of

the A.S.T.M.

Asphalt Primer.—Asphalt Primer for concrete and gypsum decks

shall weigh not less than 7 lb. per gallon and shall be made from asphalt,

of the quaUty specified under "Asphalt" flushed to the proper consistency.

The melting point of the Asphalt Primer shall be such as will permit

the subsequent application of hot asphalt to amalgamate immediately

with it.
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Roofing Felts.—Impregnated felts shall be 32 or 36 in. wide and

shall be saturated thoroughly. They shall have sufficient pliability to

meet the requirements of application, and samples taken 5 ft. from the

outside ends of rolls shall bend flat without cracking through 180 deg.

at a temperature of 60 deg. Fahr. A variation of seven (7) per cent

from the weights specified will be allowed. The impregnating compounds

shall be of the qualities specified and shall be of the proper consistency

for saturating the felts.

Tarred and asphalted felts shall be rag felts, and for built up roofings

shall weigh not less than 14 lb. per 100 sq. ft.

Unimpregnated felt or rosin sized building paper shall weigh not

less than 5 lb. per 100 sq. ft.

Manufactured Roofing.—Manufactured roofing material shall be

delivered at the site in the original sealed packages of the manufacturer,

and each package shall be wrapped and labeled properly in order that it

may be identified easily.

Gravel and Slag.—Gravel shall be hard, durable, free from clay,

loam, and other foreign substances, and shall range from ]4 to §^-inch.

Slag shall be a granulated furnace slag, free from sand, dirt and

other foreign substances, and shall range from % to 5^-inch.

3. Application.

The roof decks shall be clean, smooth, thoroughly dry and free from

projections which would injure the roof coverings. All roofing shall be

laid smoothly, without wrinkles or buckles, and finished surfaces shall

be free from cracks and bubbles.

Before applying the roofing over wood decks, all loose knots and

other flaws shall be removed and knot holes and large cracks shall then

be covered with tin or other sheet metal nailed in place.

For gypsum or concrete decks, the joints and surfaces shall be made

tight and flush, and all loose and uneven surfaces shall be leveled up

before the roofing is applied.

BUILT-UP ROOFING
Type A-1.

Pitch and Gravel (or slag) over wood or pre-cast gypsum slabs.

Roofing constructed of five layers of tarred felt, pitch

and gravel (or slag) and a minimum of 150 lb. of pitch

per 100 sq. ft.

(1) If of wood, lay one thickness of rosin-sized building paper or

unimpregnated felt weighing not less than 5 lb. per 100 sq. ft., lapping

the sheets at least one inch; if of pre-cast gypsum, this shall be omitted.

(2) Over the entire surface lay two layers of tarred felt, weighing

not less than 14 lb. per layer, per 100 sq. ft., lapping each sheet of each

layer 17 in. over the preceding sheet, end laps not less than 4 in. Sheets

shall be nailed as often as necessary In hold them in place until the re-

maining felt is laid. These layers shall be turned up vertical surfaces

not less than 6 in. and securely fastened.
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(3) Coat the entire surface uniformly with hot pitch, using not less

than 25 lb. per 100 sq. ft.

(4) Over the entire surface lay three layers of tarred felt, lapping

each sheet of each layer 22 in. over the preceding sheet, with end laps

not less than 6 in. Hot pitch shall be mopped the full 22 in. on each

sheet so that in no place shall felt touch felt, using not less than 25 lb.

of pitch per 100 sq. ft. between successive layers. Any nailing necessary

shall be done in such a manner that all nails will be covered by not less

than two layers of felt. Nails shall be galvanized and shall be driven

through flat tin or zinc caps. These layers shall be turned up vertical

surfaces and securely fastened.

(5) Coat the entire surface uniformly with hot pitch poured from

a dipper, using not less than 75 lb. per 100 sq. ft., into which while hot

embed not less than 400 lb. of gravel (or 300 lb. of slag).

Type A-2.

Pitch and Gravel (or slag) over concrete or poured gypsum.

Roofing constructed of one coating hot pitch and five

layers of tarred felt, pitch and gravel (or slag) and a

minimum of 215 lb. of pitch per 100 sq. ft.

(1) The entire surface shall be coated uniforrnly with hot pitch,

using not less than 40 lb. per 100 sq. ft.

(2) Over this lay two layers of tarred felt, weighing not less than

14 lb. per layer per 100 sq. ft., lapping each sheet of each layer 17 in.

over the preceding sheet, end laps not less than 4 in. Hot pitch shall

be mopped the full 17 in. on each sheet, so that in no place will felt

touch felt, using not less than 25 lb. of pitch per 100 sq. ft. between

successive layers. Each layer shall be cut off at vertical surfaces.

(3) Coat the entire surface uniformly with hot pitch using not less

than 25 lb. per 100 sq. ft.

(4) Over the entire surface lay three layers of tarred rag felt,

lapping each sheet of each layer 22 in. over the preceding sheet, end laps

not less than 6 in. Hot pitch shall be mopped the full 22 in. on each

sheet, so that in no place will felt touch felt, using not less than 25 lb.

of pitch per 100 sq. ft. between succeeding layers.

If roof decks are of gypsum, in addition to the above, the upper

edge of each course of the third layer of felt shall be nailed to the roof

deck with galvanized nails driven through flat tin or zinc caps. These

layers shall be turned up vertical surfaces and securely fastened.

(5) Coat the entire surface uniformly with hot pitch, poured from

a dipper using not less than 75 lb. per 100 sq. ft., into which while hot

not less than 400 lb. of gravel (or 300 lb. of slag) shall be embedded.

Type B-1.

Asphalt and Gravel (or slag) over wood or pre-cast gypsum slabs.

Roofing constructed of five layers of asphalted felt,

asphalt and gravel (or slag) and a minimum of 150 lb.

of asphalt per 100 sq. ft.

(1) If of wood, lay one thickness of rosin-sized building paper or

unimpregnated felt weighing not less than 5 lb. per 100 sq. ft., lapping

the sheets at least one inch; if of precast gypsum this shall be omitted.
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(•2) Over the entire surface lay two layers of asphalted felt, weigh-

ing not less than 14 lb. per layer per 100 sq. ft., lapping each sheet of

each layer 17 in. over the preceding sheet, end laps not less than 4 in.

Sheets shall be nailed as often as necessary to hold them in place until

the remaining felt is laid. These layers shall be turned up vertical sur-

faces not less than 6 in., and securely fastened.

(3) Coat the entire surface uniformly with hot asphalt, using not

less than 25 lb. per 100 sq. ft.

(4) Over the entire surface lay three layers of asphalted felt, lap-

ping each sheet of each layer 22 in. over the preceding sheet, end laps

not less than 6 in. Hot asphalt shall be mopped the full 22 in. on each

sheet, so that in no place will felt touch felt, using not less than 25 lb.

of asphalt per 100 sq. ft. between successive layers.

Any naihng necessary shall be done in such manner that all nails

will be covered by not less than two layers of felt. Nails shall be galvan-

ized and shall be driven through flat tin or zinc caps. These layers shall

be cut off at vertical surfaces and securely fastened.

(5) Coat the entire surface uniformly with hot asphalt poured from

a dipper, using not less than 75 lb. per 100 sq. ft., into which while hot

embed not less than 400 lb. of gravel (or 300 lb. of slag).

Type B-2.

Asphalt and Gravel (or slag) over concrete or poured gypsum.

Roofing constructed of five layers asphalted felt, asphalt

and gravel (or slag) and a minimum (not including

primer) of 205 lb. of asphalt per 100 sq. ft.

(1) The entire surface, if of concrete, shall be coated uniformly

with asphalt primer, using not less than 10 lb. per 100 sq. ft. and allowed

to dry.

(If of gypsum, the surface shall be given two such coats.) Upon
this there shall be applied a uniform coat of hot asphalt, using not less

than 30 lb. per 100 sq. ft.

(2) Over this lay two layers of asphalted rag felt, weighing not
less than 14 lb. per layer per 100 sq. ft., lapping each sheet of each layer
17 in. over the preceding sheet; end laps not less than 6 in. and securely
fastened. Hot asphalt shall be mopped the full 17 in. on each sheet
so that in no place will felt touch felt, using not less than 25 lb. of
asphalt per 100 sq. ft. between successive layers.

(3) Coat the entire surface uniformly with hot asphalt, using -not
less than 25 lb. per 100 sq. ft.

(4) Over the entire surface, lay three layers of asphalted rag felt,

lapping each sheet of each layer 22 in. over the preceding sheet, end laps
not less than 6 in. Hot asphalt shall be mopped the full 22 in. on each
sheet, so that in no place will felt touch felt, using not less than 25 lb. of
asphalt per 100 sq. ft. between successive layers.

If roof decks are of gypsum, in addition to the above, the upper
edge of each course of the third layer of felt shall be nailed to the roof
deck with galvanized nails driven through flat tin or zinc caps. These
layers shall be turned up vertical surfaces and securely fastened.

(5) Coat the entire surface uniformly with hot asphalt poured from
a dipper, using not less than 75 lb. per 100 sq. ft., into which while hot
embed not less than 400 lb. of gravel (or 300 lb. of slag).
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Appendix B

VENTILATION OF RAILWAY BUILDINGS, EXCEPT
ENGINEHOUSES

F, R. Judd, Chairman, Sub-Committee; A. Crable, F. O. Condon, W. L.

Darden, H. Filippi, D. F. McLaughlin.

Ventilation of the majority of railway buildings is satisfactorily ac-

complished by natural means, that is, by windows, doors, transoms and

roof or wall ventilators and monitors.

In some buildings where fumes, gases, smoke, etc., are produced it

is often necessary to provide mechanical means of exhausting impure and

vitiated air, and of supplying fresh air. This is especially required during

the heating season when means of natural ventilation mentioned above

are closed or inoperative. The class of buildings in which it is satis-

factory to rely on natural means of ventilation include such buildings as

freight houses, machine shops, storehouses, office buildings, blacksmith

shops, foundries, car repair shops, carpenter shops, etc. It may be desir-

able or necessary in some cases to provide local ventilation by means of

exhaust fans in such buildings as oil houses, paint shops, blacksmith shops

and foundries.

All toilet buildings and toilet rooms should be adequately provided

with means of natural ventilation and where natural ventilation is insuffi-

cient to maintain a healthful atmosphere it should be supplemented by

exhaust fans to remove objectionable odors, especially in toilet rooms in

connection with passenger stations or other places where facilities are

provided for the public.

Kitchens and serving rooms should be properly ventilated and for

this purpose exhaust fans are frequently used to remove heat and odors

of cooking, which if not removed mechanically will permeate the atmos-

phere of adjacent dining rooms and other portions of the building. This

mechanical ventilation may also be necessary to maintain proper working

conditions for kitchen employees.

In case of through stations with station building located over tracks,

it is sometimes necessary to install an exhaust system of ducts and fans

to remove the smoke and gases caused by engines from under the

building.

Where station facilities are below ground level it will usually be

necessary to install a mechanical system of ventilation to exhaust vitiated

air and to provide an adequate supply of fresh air.

Large office buildings and passenger terminals are sometimes

equipped with mechanical ventilating systems in connection with heating

systems. Such equipment provides washed and tempered fresh air and

exhausts the vitiated air.

It is problematical if the large expense of such installations and

maintenance of same is justified, as their efficient functioning is often

interfered with by the injudicious use, locally, of natural ventilation in

the majority of large buildings of this kind. Satisfactory ventilation

may be obtained by designing the building in such a manner that full

advantage is taken of all the various means of natural ventilation by

which sufficient changes of air may be effected to maintain the air of

any room in healthful condition.
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Appendix C

LOCATION AND DESIGN OF SIGNS FOR PASSENGER
STATIONS

L. G. Morphy, Chairman, Sub-Committee; H. G. Dalton, E. A. Harrison,

D. F. McLaughlin, G. A. Mitchell, O. G. Wilbur, Arthur

H. Williamson.

GENERAL REQUIREMENTS

The principal object of signs at stations is to enable the traveling .

public to identify their location, and, therefore, signs for this purpose

should be designed with a view to being clear and easily kept clean.

With the development of aviation the question of marking railroad

stations for the guidance of fliers presents itself. The United States

Army Air Service is endeavoring, through counsel with various organi-

zations, to establish a system of markers, and through the American

Railway Association has outlined a method of meeting the requirements

through the co-operation of the railroads, as follows

:

(a) By obtaining permission to place markers on the rights-

of-way of railroads.

This method would consist of placing the name of the town on the

railroad right-of-way parallel to the tracks in letters of sufficient size to

be read from a height of several hundred feet.

(b) By obtaining permission to paint the names of towns on

the roofs of passenger or freight stations or other suitable rail-

road buildings.

(c) By re-arranging the station signs now on ends of stations

so as to bring same out from under the eaves and increase their

visibility.

TYPES OF SIGNS

The types of signs at present in use vary from the elaborate marking

of some of the large terminals to "the simple sign painted on the side

of the small station building.

The types of signs most commonly in use, however, are:

(a) Names of the stations painted on the walls of the

buildings.

(b) Built-up signs attached to the buildings, canopies or other

structures.

(c) Letters of heavy white glass bedded in the wall of the

buildings with lights back of same.

(d) Ornamental names made a part of the architecture of

the buildings at larger terminals.

The distance from main terminals, if desired, is shown in smaller

type at each end of the name of the station on all types.

There appears to be a tendency to make more extensive use of the

built-up signs attached to the buildings or structures, and to make use

of block or other simple letters of a light color on a dark background.

These signs give very good results because they can be seen at long

distances and because they arc economical to maintain.
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LOCATION OF SIGNS

Signs should be located where they may be seen easily by the traveling

public.

Conclusions and Recommendations

At flag stations or small stations without canopies it is recommended
that one sign facing the track be installed, this being considered sufficient.

At larger stations without or with a short canopy it is recommended

that signs be installed as follows:

(a) On each end of the building and at right angles to the

track, bearing in mind visibility from the air.

(b) Signs erected on posts at some distance from each end

of the building and parallel to the track.

(c) At junctions, or for some special reasons, it may be

desirable to erect signs as recommended under both (a) and (b).

At stations with a long canopy, or stations with multiple tracks and

canopies between groups of tracks, including terminals, it is recommended

that sufficient signs be erected on posts beyond the ends of the canopies

and parallel to the tracks. At such stations the character of the main

buildings is usually such that an ornamental architectural name on the

building should be sufficient.

The use of built-up signs with letters of a light color on a dark

background is recommended, and care should be exercised to use a back-

ground of a dull or non-reflecting surface. Blue or black smalts give

very good results in this respect. The showing of distance from main

terminals or other information on station signs is not recommended.
The diagram illustrates the recommended uses of signs and a type

of built-up sign.
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Committee.
To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

1. Units for comparing cost of maintenance of way, equipment and

transportation.

The Sub-Committee assigned to this topic has given considerable time

and study to its subject and has made substantial progress in the prepara-

tion of a report; but on account of lack of time for thorough criticism

and review by all concerned of the material that it has prepared, it does

not feel justified in submitting it to the Association at this time.

2. Methods of estimating speed, time and fuel consumption (Ap-

pendix A).

Action Recommended

1. That the material in Appendix A be accepted as a progress report.

Recommendations for Future Work

To continue the following subjects:

1. Revision of the Manual.

2. The economics of railway location as affected by the introduction

of electric locomotives, conferring with the Committee on Electricity.

3. Suitable .units for comparing cost of maintenance of way, equip-

ment and transportation, conferring with the Committees on Records and

Accounts and Economics of Railway Operation.

4. Locomotive tractive force, giving special attention to oil-burning

locomotives and collaborating with the appropriate Committee of Division

V—Mechanical, of the American Railway Association.

5. The relative merits of increasing tonnage by the reduction of

ruling grades, or by the introduction of more powerful locomotives,

including the consideration of momentum grades and the availability of

the locomotive booster.

To work on the following new subjects:

6. The relative merits of a 0.4 per cent ruling grade as compared

with a 0.3 per cent grade.

7. Outline of work for the ensuing year.

Respectfully submitted,

The Committee on Economics of Railway Location,

E. E. King, Chairman.
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Appendix A

METHODS OF ESTIMATING SPEED, TIME, AND FUEL
CONSUMPTION

W. L. Webb, Chairman, Sub-Committee ; C. P. Howard, E. C. Schmidt,

R. H. Washburn, M. A. Zook.

PRELIMINARY CONSIDERATIONS

The investigation is necessarily variable, depending on whether (a)

the section of road to be investigated is not yet constructed and it is

desired to estimate the performance of a certain proposed type of loco-

motive handling an estimated volume and kind of traffic, or (b) it is

desired to estimate the value of certain proposed improvements to an

existing line, on which tests of present performance can be made. It

should be realized that no definite and exact rules can be formulated to

fit all cases for computing speed and time, since the speed, or rather the

time required to get heavy traffic over the road or division depends on

a great multiplicity of conditions, many of which are being more or

less changed either temporarily or permanently. These conditions, and

the effects of changes in them, are discussed below.

(A) Roadbed.—Certain physical data must be known with

respect to the roadbed, existing or proposed.

(1) A Profile is necessary. A horizontal scale of 2000 feet to

the inch and a vertical scale of 20 feet to the inch have been found

convenient.

(2) Curvature must be definitely known, noting whether grades

on curves are properly compensated, and making due addition, in all

calculations, to the nominal grades, when there is no compensation or

when it is insufficient.

(3) Grade Intersections.—The line followed by the center of

gravity of the train will not be parallel vertically with the track profile

at grade intersections. Thus, when the center of a sixty-car train reaches

a grade summit the engine and caboose may each be several (perhaps

as much as five or six) feet lower, depending on rates of grade, length

of vertical curve, length of train, etc.—the center of gravity of the train

being lifted two or three feet less than indicated by profile. Similarly

with depressions or concave grade intersections. The effect is equiva-

lent to a virtual flattening out of grades at intersections and may be

indicated by a dotted line on the profile. Ordinarily a detail which may
be neglected, in certain cases the effect may be important ; for instance,

a short stretch of heavy ascending grade following a station or other

stopping point. If the length of grade is less than the length of train

it is obvious the average rate of grade traveled by the center of gravity

will be much less than indicated by the track profile.

(4) Stops.—The location of all regular stops must be noted on

the profile, and also all places, especially on ruling grades, or on grades
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designed to be operated by momentum, where certain external influences

may require a stop at some special place with such frequency that it

would seriously disarrange any schedule. Incidental to this are inter-

locking delays and the "slow orders" required by some municipalities.

It should be remembered that an emergency stop is a possibility at any

point of the hne, and that if a train is not so loaded as to make it

possible for the locomotive to start at any point and attain a safe working

velocity, serious delays may result.

(5) Location of Sidings should be known, and particularly the

position of the beginning and ending of each siding with reference to

any long ruling grade. As, if there is no grade compensation therefor,

the added resistance due to starting and the extra resistance when passing

through the switch on to the main track, will make considerable virtual

additions to the grade.

(6) The Condition of Track and Roadbed, and its effect on

tractive force, may not be accurately known, but a certain standard may
be assumed and the track resistance computed accordingly.

(7) Coaling and Water Stations.—Their location should be

shown on the profile.

(8) Number of Tracks Available.—This has no direct bearing

on speed of trains except as it effects delays. The computed running

time between stops for a given train will obviously be the same whether

the road has one, two or more main tracks.

(B) Congestion.—The number of trains and congestion of

traffic have no effect on the theoretical speed between stops. Yet prac-

tically it may have an important effect, for on a busy track one heavily-

loaded slow-moving train may set the pace for several trains behind it.

Computations in such case can only apply to the one that sets the pace,

unless the difference in speed is sufficient to warrant side-tracking and

passing the slower train.

(C) Delays.—Running time plus delays make up elapsed time.

Elapsed time is the thing that counts and is the basis of payment for

overtime. An analysis of delays and the causes thereof on a particular

road or roads is a study in itself and depends on many things. (See

pages 449 and 473, Report of Eight-Hour Commission). An approxi-

mate estimate of delays which may be expected on a particular operating

division may be made from a study of past performance on other divisions

of similar physical, operating and traffic conditions.

(D) Tractive Force.—It is necessary to know or compute the

tractive force of the locomotive at varying speeds, from which a curve

may be plotted. In the absence of actual tests it may be calculated from
the data on pages 805 to 813 of the Manual. To use these data every

essential characteristic of the locomotive must be known or assumed as

well as the heating value of the coal. No similar data are shown for

oil-burning or electric locomotives. If, however, the tractive force of

such locomotives for varying speeds and conditions is known, speed and
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time may be computed in the same manner as for steam locomotives.

This report, however, applies principally to coal-burning steam loco-

motives.

(E) Tonnage, Number of Trains, Stops, Etc.—For a given

engine and train the estimated speed between stops can be calculated and

platted as a curve on the profile and from this the running time may
be computed.

This requires, however, a knowledge or assumption as to the number

and location of stops. As the number of stops depends among other

things on the number of trains passing over the track or tracks, it may
be necessary in certain cases to start with an estimate of the amount

and character of tonnage, and the number of trains to handle it. An
estimate as to the number of passenger trains and their schedules may
also be needed.

From this and other information which should be shown on the

profile a tentative time card may be prepared which will indicate the

probable number and location of passing and meeting points and other

stops for the average train of the class under consideration.

Traffic in each direction should be considered separately as the ton-

nage, grades, stops and composition and weight of trains are frequently

so different as to constitute entirely different problems, requiring separate

calculations as to speed, time, and fuel consumption.

OUTLINE OF COMPUTATIONS

1. Consider traffic in each direction separately.

2. Calculate the drawbar pull of the locomotive on a level tangent at

various speeds from zero speed to the maximum speed allowable, using

the method and tables shown on pages 805 to 813 of the Manual. Four

thousand pounds of coal per hour may be assumed as the rate of con-

sumption for the engine when working on the basis of hand firing. A
greater rate may be maintained for short periods and probably less at

other periods. It is believed, however, that the assumption of the uniform

rate of 4000 pounds per hour with the modification noted in paragraph

(7) below for light descending grades will give satisfactory results.

If the locomotives are equipped with stokers with an average rate of

consumption of 6000 or even 8000 pounds of coal per hour when working,

the table of drawbar pull may be computed accordingly.

The thermal value of the coal must be known or assumed and may
be taken at about 90 per cent, of the thermal units (B.T.U.) of air-dried

mine samples.

3. The frictional resistance of the train may be calculated from page

815 of the Manual, the number of cars and gross weight of train being

known or assumed.

A considerable number of trains may leave the terminal short or with

engines not loaded to rated capacity, but calculations as to speed and time

should probably be made in most cases on the basis of fully-loaded

engines. These may govern the speed of lighter trains following, which

otherwise might make better time.
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4. Grade and curve resistance in pounds, minus or plus, may be com-

puted for any point on the profile and is equal to twenty times the gross

weight of engine and train in tons times the per cent, of grade; the actual

grade having been increased about 0.04 per cent, for each degree of curve,

if an ascending or level grade, and similarly decreased if descending.

5. The algebraic sum of drawbar pull on level tangent, frictional

resistance of train and grade and curve resistance for gross weight of

engine and train, gives the force which is available for acceleration, or

which will produce retardation if it is negative.

6. Acceleration and retardation tables should be computed and

curves may be platted for various grades ascending and descending for

the given locomotive and train. The formula (Manual, page 804) may

be stated:

70(V',— Vx)
s^=

P
Where P = accelerating or retarding force in pounds per ton of gross

weight of engine and train

Vi^dL given velocity

Vi= the velocity to which it is to be accelerated or retarded

s = distance in feet to accelerate or retard from Vi to Vt
speed.

Acceleration curves may be computed for velocity increments of one

mile per hour from zero speed to the highest attainable or allowable speed

;

retardation curves decreasing by similar increments from the maximum
allowable to the maximum speed which may be maintained on the given

grade.

7. Plat the speed line on the profile, assuming as a sufficiently close

approximation that the engine is either working and exerting its full

tractive power at the given speed and rate of fuel consumption or is drift-

ing. On light descending grades or elsewhere when the full tractive

power is not required to maintain the desired speed the engine may be

considered as alternately working and drifting for small increments of

time, the proportion of time working being the algebraic sum of frictional

and grade resistances divided by the available drawbar pull.

8. Estimate the time by multiplying the distance in stations by the

time (n) in decimals of a minute required to travel one station at the

given speed. This can be measured by a scale showing values of (n)

for corresponding speeds. Where the speed varies appreciably time should

be taken for separate intervals of distance, 10 stations, 5 stations, or less,

as in such case distance multiplied by the value of (n) for the average

speed does not give correct time.

9. Multiply the total time of engine working and drifting by the

corresponding rates of fuel consumption. The rate of fuel consumption

for engine drifting may be estimated from the table on page 6 of the

paper by A. K. Shurtleflf in Part 2, Vol. 14, American Railway Engineering

Association, 1913. Fuel for engine firing up per trip and rate of fuel

consumption per hour for engine standing may be estimated from the

same table.
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GENERAL REMARKS AS TO SPEED-CURVE METHOD
The method above outlined is known as the "Speed-Curve" method.

For coal-burning locomotives, tables 1 to 7, pages 807-813 of the Manual,

may be utilized. The general method, however, applies to any kind of

power, steam or electric. It consists essentially in operating the train on

paper.

Tables once constructed for a given locomotive, train, and grades can

readily be expanded and modified to cover any combination of train

loading and grades.

As stated by Mr. Shurtleff (page 15, part 2, Vol. 14) :

"The method herein described requires work and time, but it does

away with the more or less 'scientific guesswork' with reference to the

effect of distance, gradient, rise and fall, and curvature on the main
accounts under 'Conducting Transportation' expenses. There will be less

disappointment in the expectation of producing a decreased train mileage

directly in proportion to the decreased total resistance of trains on the

controlling gradients. The actual economies realized will be much nearer

the estimated economies than the average guesswork. The most important

value is that it will, in many cases, save the waste of money in the invest-

ment of so-called improvements which fail to realize a. fair return on
their cost.

"The value of the method does not end with the engineer's estimate

of relative economies of different routes, but with the data for a district

once worked out, many of the important problems of movement of traffic

can be solved with sufficient accuracy to place the calculated results in

practice, and, with possibly a few slight changes found necessary in prac-

tice, render greater efficiency in operation. The value of additional main
tracks can be estimated logically, so that an executive official without

technical education can understand the methods of reasoning, even though
he may not know the mathematical methods which determined the run-

ning time. The time spent in preparing the tables and in making the

calculations for any given lines is in itself a foundation for greater econo-

mies, and the cost of this time will bring abundant results."

MODIFICATION OF SPEED-CURVE METHOD

Using the same general methods, diagrams may be constructed show-

ing for a given engine and train, or for a tonnage constituting any num-

ber of such trains, speed, time lost and fuel consumed per foot of rise or

fall on various grades as compared with performance of the same engine

and train on a level tangent. The latter is readily computed. This

method is especially adapted to computations as to the negative value of

rise and the positive value of fall. It is described with an illustrating

set of diagrams in Sub-Committee's report on pages 132-133, Vol. 16, 1915,

and should accomplish practically the same result as platting the speed

line on the profile, except that stops are omitted and must be considered

separately, if at all.

NUMERICAL EXAMPLES

The Proceedings contain several monographs which are more or less

directly numerical examples of the application of above described methods.

For example. Bulletin 112, "Effect of Physical Characteristics of a Rail-

way Upon the Operation of Trains," by John D. Isaacs and E. E. Adams,

was reprinted in Vol. 11, part 2, page 1311, of the Proceedings. A mono-
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graph entitled "Locomotive Fuel Consumption and the Speed Diagram,"

by A. K. Shurtleff, was printed in Vol. 14, part 2, page 3, of the Pro-

ceedings. A monograph entitled "Grade Reduction Problems," by C. P.

Howard, was printed in Vol. 15, part 2, page 3, of the Proceedings. A
monograph entitled "Rise and Fall, Fuel and Time," by C. P. Howard, was
printed in Vol. 17, part 2, page 225, of the Proceedings.

LINE RESISTANCE AS A MEASURE OF FUEL CONSUMPTION
Fuel consumption may be estimated on the basis of line resistance

which is described in the Manual (page 803) as "the sum of the rollmg

resistance (or friction resistance), plus the resistance of gravity over-

coming difference in elevation on ascending grades, plus the resistance due

to curvature, minus the energy of gravity of trains on descending grades,

from which has been subtracted the loss of energy (or velocity head) due

to the application of brakes." The method is described and illustrated

in the report of Sub-Committee No. 1, pages 110-123, Vol. 16, 1915, and

may be expanded to include resistance due to acceleration of trains by

adding the velocity head destroyed by brakes at stops to total line re-

sistance in vertical feet

It is evidently applicable to any kind of power or fuel.

It may be pointed out that for steam locomotives the horse power or

efficiency per pound of coal increases considerably with the speed, which in

turn, especially in freight service, varies very largely with the grade.

Consequently, while the method has the advantage of great simplicity

and may be useful in many cases, it cannot be regarded as accurate in

all problems, such as a comparison between lines or portions of lines of

very different rates of grade. Several examples of such inaccuracy are

worked out in the minority report on pages 150-a to 150-d, Vol. 16, 1915.

For steam locomotives, therefore, this method is not calculated to show
the full disadvantage of heavy opposing grades due to the relatively low

speed and efficiency per pound of coal which may be expected on such

grades. The average fuel per foot-ton of line resistance will vary with

the thermal value of the coal and for any operating division may be ap-

proximated by dividing the total line resistance into the fuel consumed,

making deductions for the amount consumed by the engine firing up,

standing, and accelerating from stops.

Conclusions

Speed and Fuel Consumption

Speed should be differentiated as between speed based on running

time between stops and speed based on elapsed time between terminals.

Elapsed time is the sum of delays, plus running time. Time lost in

delays varies with congestion and generally constitutes an important

though not a major part of total elapsed time. Delays may be divided

into terminal and road delays and are due to many things such as coaling,

getting water, picking up, setting off and switching, helper service, couplers,

hot boxes and blocking by trains ahead. The last may be by far the most

important single item, constituting in certain cases approximately one-half

of total delays.
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In view of the multiplicity of varying conditions which contribute

to delays, no definite rule of estimating them can be given except the

very general rule of basing the estimate on a study of past performance

under similar physical, operating and traffic conditions.

Speed-Curve Method.—Speed and running time between stops

may be estimated as follows:

By means of acceleration and retardation curves computed for the

given engine, fuel, train-load and gradients, compute and preferably plat

the speed-curve on the profile. Platting, though not strictly necessary,

as computations can be made without it, has many advantages.

A profile showing the grade line, coal and water stations, other sta-

tions, number of tracks, passing tracks, curvature, etc., to a scale of 2000

ft. to the inch, horizontally, and 20 ft., vertically, or other conveniem

scale, may be used.

Estimate the time by multiplying the distance in stations by the time

(w) in decimals of a minute required to travel one station at the given

speed. This can be measured by a scale showing values of (w) for

corresponding speeds. Where the speed varies appreciably, the time

should be taken for separate intervals of distance, 10 stations, 5 stations

or less, as in such case the distance multiplied by the value of (n) for

the average speed does not give' the correct time.

Multiply the total time of engine working and drifting by the cor-

responding rates of fuel consumption. To this may be added fuel con-

sumption for engine firing up and standing.

Speed-Curve Method Modified.—By using the same general

methods, diagrams may be constructed showing for a given engine and

train, or for a tonnage constituting any number of such trains, speed,

time lost and fuel consumed per foot of rise or fall on various grades as

compared with the performance of the same engine and train on a level

tangent. The latter is readily computed. This method is especially

adapted to computations as to the negative value of rise and the positive

value of fall and should accomplish practically the same result as platting

the speed line on the profile, except that stops are omitted and must be

considered separately, if at all.

Line Resistance as a Measure of Fuel Consumption.—Fuel con-

sumption may be estimated on the basis of line resistance as described on

page 803 of the Manual. The method may be expanded to include re-

sistance due to accelerating trains by adding the velocity head destroyed

by brakes at stops to total line resistance in vertical feet.

This method has the advantage of great simplicity and may be useful

in many problems. It is based on a uniform rate of fuel consumption

per foot-ton of line resistance. But as a steam locomotive burns con-

siderably more coal per horse power at low than at high speeds it should

be understood that this method will not indicate the full disadvantage of

heavy adverse grades where low speeds prevail.

The iaverage fuel per foot-ton of line resistance will vary with the

thermal value of the coal, and for any operating division may be approxi-

mated by dividing the total line resistance into the fuel consumed, making

deductions for the amount consumed by the engine firing up, standing

and accelerating from stops.
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To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects

:

(1) The principles of design of concrete, plain and reinforced,

for use in railroad structures.

(2) Rules for inspection of masonry structures.

The other subjects assigned to the Committee have been given study

by individual sub-committees, but the Committee is not prepared to

present a report on them at this time.

The attention of the Association is called to the recent report of the

Joint Committee on "Standard Specifications for Concrete and Reinforced

Concrete," as it appears in Bulletin No. 269 for September, 1924.

This Association co-operated in the formation of the Joint Com-

mittee and appointed representatives to serve upon the committee. This

representation, as^a Sub-Committee of Committee VIII—on Masonry,

presents the report to the Association with the request that the members

study this report and submit to the Chairman of the Masonry Committee

their comments upon it.

This report, if accepted by the parent bodies of the committee, will

be given very wide distribution and it is important that this Association's

representatives on the committee be given the benefit of the opinions of

the members of the Association for the future consideration of the report.

Action Recommended

1. That the conclusion in Appendix A, relating to principles of

design of concrete, plain and reinforced, for use in railroad structures,

be approved for publication in the Manual.

2. That the rules for inspection of masonry structures, contained in

Appendix B, be approved for publication in the Manual.

Recommendations for Future Work

1. Revision of the Manual.

2. Principles of design of concrete, plain and reinforced, for use in

railroad structures.

3. Developments in the art of making concrete.

4. Specifications for various aggregates used for concrete, collab-

orating with producers to bring about better and more uniform products.

5. Study report of the Joint Committee on Standard Specifications

for Concrete and Reinforced Concrete and report to the Association with

recommendations..

6. Outline of work for ensuing year.

Respectfully submitted,

The Committee on Masonry,

C. C. Westfall, Chairman.

Bulletin 272. December, 1924.
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Appendix A

PRINCIPLES OF DESIGN OF CONCRETE, PLAIN AND RE-

INFORCED, FOR USE IN RAILROAD STRUCTURES

W. S. Lacher, Chairman, Sub-Committee ; F. E, Schall, L. W. Skov,

Paul Kircher, A. W. Smith.

EXTERNAL LOADINGS ON TRACK STRUCTURES

In the design of few structures is the engineer confronted with a

more complete lack of specific, reliable information than in the case of

culverts buried in embankments to varying depths. This is not a serious

matter as regards the arch culvert, because an arch of properly selected

outline is not often subject to overstress purely from unforeseen increases

in the embankment loads. With the flat top or box culvert, on the other

hand, lack of information as to loads is vital because the relationship of

imposed loads to beam strength of the slab is exceedingly definite. So

it is also in the case of the pipe culverts in which considerations of ship-

ping and handling weights demand designs containing no excess of

material.

The design of the pipe culverts and a consideration of the loads

imposed on them are matters of considerable complexity and have been

for some time the subject of special investigation by the Joint Committee

on Concrete Pipe Culverts. In view of this, your Committee has limited

its studies definitely to the vertical loads encountered in railway embank-

ments as affecting the design of trestle slabs, the cover slabs of box

culverts or the design of culvert footings.

Last year your Committee presented a progress report on this sub-

ject, which was published on page 664 of the Proceedings for 1924. The
Committee has reviewed the work of last year in the light of the dis-

cussion presented at the convention and has also studied such other mate-

rial as could be obtained, including the replies received to a question-

naire issued to the engineers of railways for the purpose of ascertaining

present practice. These replies disclosed a wide diversity of opinion con-

cerning the loads for which culverts should be designed, a condition

which may well be ascribed to the lack of specific test data on which to

base definite assumptions.

The Committee knows of no investigation of embankment pressures

except for such shallow depths as are covered by the work of the Joint

Committee on Stresses in Track. The conclusions it presents are there-

fore based primarily on a review of current practice and the analysis

presented below.

The vertical pressure encountered in an embankment may be consid-

ered under three heads—dead load, live load and impact, which are dis-

cussed in turn below.



Masonry 479

DEAD LOAD

The assumption of a unit weight, 100 lb. per cu. ft. for the material

in earth embankments is one of long standing, and the use of this round

figure seems consistent with the other approximations which lack of

specific knowledge demands. The adoption of a greater unit weight is,

of course, necessary for fills of obviously more than normal weight. A
few roads make special provision for lean iron ore or other heavy mate-

rials by unit weights of as much as 150 lb.

For what depth of fill shall the full load be assumed as coming on

the culvert? The assumption that a culvert must be designed to carry

the full weight of a fill in the prism of material vertically above the base

area regardless of the depth of the fill, is subject to considerable dispute.

Some designers assume that "arch action" relieves the culverts of a part

of the weight of fill above it. Tests at Iowa State College, on the other

hand, indicate that loads, in some cases at least, in excess of those rep-

resented by the superimposed prism will be encountered.

It is clear that the weight of a fill must be carried by the foundation

on which it rests, whether this is composed entirely of the original

ground surface or consists in part of a culvert. It is equally obvious

that as long as foundation conditions are uniform, so that equal settle-

ment occurs under all parts of the fill having the same depth, the loads

carried by all parts of the bearing area would be substantially the same.

Conversely, one part of the bearing area under the fill could be made to

carry more or less of the weight of the embankment directly above than

that represented by the superimposed prism, only as it settles less or

more than the ground surface on each side of it. In the case of a rigid

structure, such as a masonry culvert, there are few conditions which

could bring about a greater relative settlement of the culvert. Conse-

quently, it would seem that under usual conditions the culvert must carry

loads equal to or greater than that of the prism of fill directly over it

and that it is, therefore, the better part of reason to recommend design

dead loads which include the weight of the entire superimposed prism of

fill.

LIVE LOAD

The efi'ect of the live load is commonly obtained by assuming that it

is distributed uniformly between two spread planes extending downward
from the ends of the ties, but this assumption is subject to considerable

variation with respect to the slope at which the "spread" takes place.

According to the replies to the questionnaire, practice ranges from a

slope of J4 to 1 to a slope of V/2 to 1. The Committee advocates a

slope of 14 to 1, but calls attention to the fact that this assumption pre-

sumes the spread of the actual live load influence over a greater area

than that which falls within the limits of the two J/2 to 1 spread planes.

The actual influence of the live load on any horizontal plane must neces-

sarily be greatest under the center line of the track and gradually taper
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to zero at some distance to either side. Therefore, to obtain a unit value

for the intensity of the live load pressure approximating the actual max-

imum pressure on any given horizontal plane by dividing the load per

foot of track by the distance between the spread planes, it is necessary

that these arbitrary spread planes fall considerably inside the probable

limits of the actual live load influence.

Concrete slabs with shallow fills or nominal depths of ballast require

special consideration because of the less complete distribution of the live

load through the agency of the rails, ties and ballast. Reports of the

Committee on Stresses in Track show that a substantially uniform longi-

tudinal distribution of the live load is effected at a depth of approxi-

mately three feet below the base of rail, but that for depths of fill less

than three feet the extent of the distribution is subject to considerable

variation. It would appear, therefore, that the live load on slabs with

depths of fill of less than three feet below the base of rail should be

assumed as concentrated wheel loads.

IMPACT

In so far as the Committee has been able to ascertain, no data are

available as to the quantitative effect of live load impact on a railway

embankment to sufficient depths to be applicable to general culvert design.

Obviously this effect decreases with an increase in the depth of fill or an

increase of the ratio of dead load and live load. For this reason culvert

designers have in most cases applied arbitrary reduction factors to the

impact load, to compensate for increases in the depth of fill, but as is

shown in the accompanying diagram of curves for impact assumptions,

present practice is exceedingly varied. Obviously, impact formulas such

as those used in specifications for steel bridges in which the independent

variable is the span length, are not applicable to culvert conditions since

such formula takes no account of the effect of the variation in the depth

of the fill or the ratio of the dead load to the live load.

It is believed, therefore, that a closer approximation of the truth

would be obtained by a formula in which the independent function is

represented by some relation of the dead load to the live load. Two
such formulas have been suggested

:

/' =
L — KD\ L

r = K
[L+D J

Where /' = percentage factor to be applied to the live load to obtain

the impact load /.

K = some unknown co-efficient.

These two formulas have each been plotted with two values for K
(1.0 and 0.5) and as may be seen the graphs for one formula are entirely

different from those for the other. The first of these does not seem con-

sistent with the facts, since one foot of difference in the depth of fill

effects a greater reduction in the impact for shallow depths than for

greater depths. Also the effect of the impact is cut off abruptly at a
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fixed depth, whereas, theoretically at least, the effect of impact is some-

thing which must extend to indefinite depths, although in greatly re-

duced volume. It must approach zero as the dependent variable ap-

proaches infinity. Under the second formula the maximum reduction in

impact for a given increase in the depth of fill occurs under shallow fills,

the rate of decrease becoming less with increasing depths of fill. This

formula is hyperbolic in its characteristics and would seem, to meet more
nearly the qualitative requirements. However, absence of specific test

data makes it impossible to assign a specific value to the co-officient K.

The formula is used by a number of railroads with values for K rang-

ing from 1.0 to 0.5.

While use of the two values of K result in widely differing values of

the percentage impact, /', this disparity becomes less apparent when all

three factors of thfe load, namely, dead load, live load and impact load,

are combined as total load. Moreover, since the value of the impact load

with increasing depths of fill is a decreasing function of a decreasing

variable, the live load, it decreases rapidly with increasing depth of fill.

For this reason the marked variation in the impact assumption shown in

the chart of current practice does not result in variations in the total

loads used in designs in as large proportion. The fact that the impact

load comprises only one of the terms which make up the design load

serves to minimize to a considerable degree the rather remarkable differ-

ences in the impact assumptions. This is illustrated in the chart showing

the effect of two values of K, namely, 1.0 and 0.5, in determining the

design loads for a ten-foot span with various depths of fill.

There is a feeling among designers that any formula for determining

Ithe impact load on a concrete slab would include a reducing co-efficient

which would be effective in applying in the design of the concrete struc-

ture a smaller impact load than that applied in the case of a steel struc-

ture subject to similar loading conditions. This opinion has been de-

fended on the ground that a concrete span of the same strength would
be of much greater weight than the corresponding steel span and there-

fore possesses greater inertia against the impact influence of the live load.

The impact formula in the specifications for steel bridges gives values

very close to 100 per cent of the hve load for spans of the lengths

ordinarily required for culverts and concrete trestles. The formula

L
with a co-efficient of 1.0 also gives a theoretical value of 100 per

L+D
cent for zero fills. However, when this formula is applied to practical

designs of spans with only nominal depths of ballast under the ties, it

gives values of the impact percentages amounting to considerably less

than 100 per cent. Thus the maximum value of the impact for the five ft.

open span is 78^2 per cent ; for the 10 ft. span, 77 per cent ; for the 20

ft. span, 68 per cent.

As stated above, there are no data upon which to base any definite

recommendations for the value of K to be used in the impact formula.
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Until specific information is available it would seem that the use of the

co-efficient 1.0 would represent conservative practice.

Conclusions

The Committee offers the following recommendations for the deter-

mination of vertical loads to govern the design of railway structures

subjected to embankment loads:

Dead Load

(1) The dead load should be assumed as the weight of the track,

ballast, fill and culvert masonry embraced within the vertical prism above

the portion of the structure under investigation.

Live Load

(2) The live load on structures buried to a depth of three feet or

more below the base of rail shall be assumed as distributed uniformly

in a longitudinal direction. Except as modified in paragraph (3), it is

lurther assumed. to spread transversely so as to give a uniform distribu-

tion of pressure on all horizontal planes lying between two planes inclined

at outward slopes of Yt. to 1, these planes being fixed by lines drawn
through the ends of the ties at the base of rail.

(3) The spread of the live load shall be assumed at not less than

13 feet unless slabs under relatively limited depths of fill are divided by
longitudinal joints into units of such width that some possible location

of the track or tracks will result in a concentration of the live load on

the slab or slabs, that would necessarily exceed that indicated by the

above assumption. Such cases must be analyzed individually.

(4) The live load for a depth of fill of less than three feet below
the base of rail shall be assumed as concentrated wheel loads.

Impact Load

(5) The impact load shall be derived from the formula:

f ^ 1

/ = A' L

where / ::= the impact load
D = the dead load as derived according to Paragraph (1)
L = the live load as derived according to Paragraphs (2), (3)

and (4).
AT = a co-efficient.*

•No specific value for K is recommended but it is suggested that a value of 1.0
represents conservative practice.
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Appendix B

RULES FOR INSPECTION OF MASONRY STRUCTURES

C. C. Westfall, Chairman, Sub-Committee; T. L. D. Hadwen, R. Armour,

T. L. Condron, Paul Kircher, W. S. Lacher, A. H. Laird, C. P. Rich-

ardson, L. W. Skov, Job Tuthill.

Inspection of structures of stone or concrete masonry shall be made
by men experienced with this class of construction.

The report shall be prepared in such form and in such detail, in-

cluding sketches or photographs if necessary, as to afford an exact idea

as to the condition of the structure and the necessity and extent of any

repairs which may be required.

The report shall give the name of the division, bridge number and

name of the stream, street or other crossing, followed by a brief descrip-

tion of the kind of bridge and the type of construction. This shall be

followed by the characterization of the condition of the masonry in the

opinion of the inspector, based upon the points brought out in the

instructions which follow; this characterization to be explained by the

words "Very Good," "Good," "Fair" or "Poor." It will, in general, be

unnecessary to give further detailed description of the condition of struc-

tures classified as "Very Good" and "Good."

In the case of a structure where the conditions are so unsatisfactory

as to justify its being classified as being "Fair" or "Poor," a sufficiently

detailed description shall be given based upon the rules that follow, to

justify this classification.

The inspector shall first examine the structure for any indication of

settlement or other movement. This may be shown by inequahties in the

line or surface of the track or by improper space between the back walls

and the ends of the supported superstructure.

He shall watch the structure under passage of trains to see whether

there is any movement in any joints or courses of masonry or any tip-

ping or working of the structure as a whole.

The pedestals and bridge seats shall be examined for indications of

crushing or settlement or other movement.

Expansion joints and bearings shall be examined to see that the

movement is not restricted.

Investigation shall be made for signs of undue weathering, disin-

tegration, cracks, crushing, leakage, bulging or need of pointing.

A careful inspection shall be made at the water or ground line for

disintegration due to the action of water or ice.

The inspection of foundations shall include an examination for indi-

cations of scouring or undermining and when necessary, soundings shall

be taken for this purpose.

In connection with the inspection of arches and culverts, sufficient

examination shall be made to indicate the need for additional protection

in the form of paving, inverts, apron walls or curtain walls.
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If definite and reliable records are not available, a field examination

shall be made to determine the type and physical condition of the

foundation.

Soundings shall be taken to determine the relative elevation of the

bed of stream and the bottom of the masonry.

. Attention shall be given to any signs of failure of arch rings as may
be indicated by cracks or a flattening of the arch.

Reinforced concrete structures shall be examined for any indications

of leakage or softening of the concrete. Any instances in which the

reinforcement is exposed or rust stains appear, shall be reported.

The provisions for drainage shall be examined to see if they func-

tion properly.

, General

The inspector shall, so far as possible, obtain the history of any

defects in order to determine, if possible, the exact cause.

In calling attention to defects, mention shall be made as to whether

these have the appearance of recent development or whether they seem

to be of long standing. The inspector shall compare conditions with

those recorded from previous inspections and report any change.

In reporting cracks in masonry, the inspector shall state whether they

have the appearance of surface checks or cracks which would indicate

incipient failure. In the latter case, permanent marks shall be made on

either side of the cracks and measurements taken so that developments

can be accurately determined.

When signs of settlement or movement are noted, lines and levels

shall be run and reference marks established so that subsequent move-

ment can be determined.

In general, inspections shall be so exact and the report so carefully

prepared that it will afford a permanent record of the exact condition of

the structure.
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Committee.

To the American Railway Engineering Association:

The subjects listed below were assigned to this Committee for study

and report, and j'our Committee respectfully presents herewith the fol-

lowing report. In order that those who may read the same may quickly

know the result of the year's work, we present in tabular form brief out-

line of work, with action taken thereon

:

Assigned Action of Committee

Revision of the Manual. No recommendations for changes.

Form of Option for Purchase of Submitted as final draft and recom-
Land.

Form of Agreement for Purchase
of Electrical Energy.

Form of Agreement for Joint Use
of Passenger Station Facilities.

Form of Agreement for Joint Use
of Freight Station Facilities.

Form of Agreement for Joint Pole
Lines.

Form of Agreement for Furnishing
Water from Railway Water
Systems to Employees or
Others.

Form of Contract for the Purchase
of Water.

mended for adoption by Asso-
ciation.

Submitted again, without change,
for information and discussion.

Submitted as final draft and recom-
mended for adoption by Asso-
ciation.

Submitted as tentative draft for

information and discussion.

Submitted as tentative draft for

information and discussion.

Submitted as tentative draft for

information and discussion.

Form of Contract for Grading.

Your Committee reports progress
on this subject, but it is not yet

ready to submit form.
After this subject was assigned

your Committee it developed
that it was covered in Road-
way Specifications, and it w^as

therefore eliminated from our
assigned work.

In addition to the above assigned work, your Committee's Chairman
is Delegate from American Railway Engineering Association to the Joint

Conference on Standard Construction Contracts, assisted by Mr. J. C.

Irwin, of Boston, as alternate. This subject was not handled as a Com-

Bulletin 273, January, 1925.

489



490 Uniform General Contract Forms

mittee subject until just within the last two months, at which time the

President of your Association directed Committee XX to consider the

result of Joint Conference report and make a recommendation, if possible,

to the Association at Convention in Chicago in March, 1925.

Action Recommended

In Appendix A is report of Sub-Committee No. 1, with list of sub-

committeemen shown. Mr. J. C. Irwin is Chairman thereof, and there

is nothing contained in the report submitted for final action this

year. You will observe that the two assignments, "Form of Agree-

ment for Furnishing of Water from Railway Water Systems to Em-
ployees or Others" is submitted as a tentative draft; and that prog-

ress report is made on "Form of Contract for the Purchase of Water."

It is hoped that form will be ready to submit next year.

In Appendix B is report of Sub-Committee No. 2, with list of

sub-committeemen shown. Mr. Clark Dillenbeck is Chairman thereof.

The report is published in full, and covers Revision of Manual; final

report on "Form of Agreement for Joint Use of Passenger Station Facili-

ties," and tentative report on "Form of Agreement for Joint Use of

Freight Station Facilities."

This Sub-Committee has no recommendation for changes in the

Manual. However, it does ask for final approval and insertion in the

Manual of "Form of Agreement for Joint Use of Passenger Station

Facilities," and your General Committee requests affirmative action on the

part of the Association. You will observe that "Form of Agreement for

Joint Use of Freight Station Facilities" is submitted as a tentative draft

for information and discussion.

In Appendix C is report of Sub-Committee No. 3, with Mr. E. L.

Taylor as Chairman, and there is shown list of sub-committeemen. Work
assigned to this Sub-Committee was as follows : "Form of Option for Pur-

chase of Land," "Form of Agreement for Purchase of Electrical Energy,"

and "Form of Agreement for Joint Use of Poles on Railway Right-of-

Way."
There is recommended for adoption "Form of Option for Purchase

of Land" as appearing in Bulletin 261, page 212, of November, 1923, sub-

ject to one change as noted. The form that we desire adopted is set forth

in detail in Appendix C. You will observe that "Form of Agreement for

Purchase of Electrical Energy" is submitted again for information and

discussion, and we hope next year to make a further report. Likewise the

Sub-Committee submits for information and discussion "Form of Agree-

ment for Joint Use of Poles on Railway Right-of-Way."

Work of Committee

In connection with representation on the Joint Conference on Standard

Construction Contracts by Chairman of your Committee, as referred to

above, this subject now has reached a point where it has been appropriately

referred to Committee XX for consideration and recommendation. To
those who are interested in this subject we desire that you refer to page
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532 of Bulletin 242, page 504 of Bulletin 253, and page 190 of Bulletin

261. These prior references will in a measure give a connected history

of this situation.

Without reciting any further details in the matter, the situation now
presented is as follows : Many conferences have taken place between

delegates of the different representative member bodies, resulting in a

Third Tentative Draft being concluded and written up in March, 1924,

and copyrighted in 1924 by the American Institute of Architects, which

preliminary copyright has been assented to by the American Railway

Engineering Association.

There were two documents evolved: (1) Proposed Standard Contract

for Engineering Construction; (2) Proposed Standard Contract for Con-

struction of Buildings. Both of these documents are now submitted for

approval or adoption by the co-operating organizations. These co-operat-

ing or member organizations are as follows : American Waterworks

Association, American Institute of Architects, Associated General Con-

tractors of America, American Railway Engineering Association, Amer-
ican Engineering Council, American Society of Civil Engineers, American

Association of State Highway Officials and Western Society of Engineers.

At this writing I am unable to report just how many, if any, of these

member bodies have passed their final approval on either or both of these

documents. In an issue of the "Engineering News-Record" of December,

1924, Mr. J. Waldo Smith, who was delegate from American Waterworks

Association, reported that at that time his association had not approved

the documents presented.

As pointed out in previous reports, among the vital questions involved

in these documents is the matter of arbitration. If your Association em-

braces the matter of arbitration of questions involved that arise under

these contracts, this will change the policy set forth in the construction

contract now printed in the Manual of American Railway Engineering

Association, which contract makes the Chief Engineer the arbiter and the

person who decides questions involved in the administration of con-

struction contracts.

Your General Committee, which has not been a party to the many
conferences that have been held by the delegates in the Joint Conference,

is now giving consideration to the two documents which have been pre-

sented for adoption or approval. If these documents are approved by

the American Railway Engineering Association it appears to us that

they will automatically have to take the place of the Construction Con-

tract now appearing in the Manual and be accepted in lieu thereof. It

is hardly consistent that the American Railway Engineering Association

should approve two forms of construction contracts, and therefore this

question must be decided by vote at some subsequent date.

Upon instructions from your President, the General Committee is

now considering these two documents, and it is hoped that the deliberations

will have progressed sufficiently far by March, 1925, to present to the

Convention some definite views and recommendations in regard to what
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action the Association should take with respect to these two contracts

submitted to it.

Thereafter it is probable that these two contracts will be printed in

a Bulletin and submitted as a separate report, and therefore further de-

tails with reference to the matter are not practicable at this time. Your

Committee, however, points out that the question of adoption or approval

of these two documents is one of considerable importance which must

be gone into with considerable care and judgment, and a sound con-

clusion reached with respect to what the Association should do. It is well

to say that the personnel of the delegates from the different member

bodies have given thought and time and represent the highest order of

engineering talent available for such contract discussion. We, therefore,

cannot pass the subject lightly, and we ask most careful consideration

of the membership in voting on this question.

Your Committee at this time does not attempt to forecast its recom-

mendations to the Association, because there are many points involved

which are not entirely in harmony with the approved contract now
printed in the Manual.

Your Committee records with pleasure and great satisfaction the

interest that has been shown by the membership, and the splendid results

obtained in sub-committee work. The general attendance has been ex-

ceptionally good, and we desire to make reference to this in our annual

report.

The nature of the work of this Committee is of such a character that

it touches upon the field of many departments of railroad work, and it

therefore welcomes suggestions and criticisms, and also desires sugges-

tions as to future work to be assigned to it.

Recommendations for Future Work

Your Committee recommends that there be assigned to this Commit-

tee work which will be selected from the following list. (This list includes

the unfinished work of the year 1924 which it believes must be re-as-

signed) :

(1) Revision of Manual.

(2) Form of Agreement for Purchase of Electrical Energy.

(3) Form of Agreement for Joint Use of Freight Station Facilities.

(4) Form of Agreement for Joint Use of Poles on Railway Right-

of-Way.

(5) Form of Agreement for Furnishing Water from Railway Water

Systems to Employees or Others.

(6) Form of Contract for the Purchase of Water.

(7) Form of Maintenance Bond.

(8) Form of Agreement for Furnishing and Boarding Men.

(9) Form of Agreement for Use of Railway Property for Public

Highways.

Respectfully submitted,

The Committee on Uniform General Contract Forms,

W. D. Faucette, Chairman.



Uniform General Contract Forms 493

Appendix A

J. C. Irwin, Chairman, Sub-Committee; C. Frank Allen, J. B. Carothers,

F. H. Fechtig, H. A. Palmer, Charles Silliman, E. L. Taylor and C. A.

Wilson.

This Sub-Committee has collected data and made a study of:

1. Form of Agreement for Furnishing Water from Railway Water

Systems to Employees or Others.

2. Form for Contract for Purchase of Water.

It submits herewith Tentative Draft of "Form of Agreement for

Furnishing Water from Railway Water Systems to Employees or Others."

It reports progress on the Study of a "Form for Contract for Pur-

chase of Water" but it is not yet ready to submit a form.

FORM OF AGREEMENT FOR FURNISHING WATER FROM
RAILWAY WATER SYSTEMS TO EMPLOYEES AND OTHERS

(Tentative Draft submitted for Information and Discussion)

This Agreement made this day of

19 by and between hereinafter called

the Railway Company, a corporation organized and existing under the

laws of the of

and hereinafter called the Owner.

WITNESSETH :

That in consideration of the covenants and agreements herein con-

tained it is mutually agreed as follows

:

1. The Railway Company agrees to connect the pipe line of the

Owner to the water service lines of the Railway Company at the point

shown upon the plan hereto attached and marked

and hereby made a part hereof, and to provide a water meter upon the

connecting line of pipe serving the Owner.

2. The Railway Company agrees to maintain the pipe line connect-

ing the water service facilities of the Railway Company with the water

service line of the Owner and to maintain the meter above mentioned.

3. The Railway Company will supply a maximum amount of water

per day of gallons through said line to the Owner.

4. The Owner agrees to pay to the Railway Company the cost of

the connection aforesaid between the water service facilities of the Rail-

way Company and the service line of the Owner, and also the first cost

of the meter installed as herein before provided and the cost hereafter

of their maintenance and renewal.

5. The Owner agrees to pay the Railway Company for the water

furnished by it at the rate of per thousand gallons.
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6. Water furnished under this agreement shall be for the sole use

of the Owner and water shall not be furnished to others than the Owner
through the Owner's service hne without the consent in writing of the

of the Railway Company.

7. Bills for the water furnished or other service performed by the

Railway Company as herein provided shall be rendered to the Owner by

the Railway Company on or about the first day of each calendar month

and shall be due and payable when rendered.

8. This agreement shall take effect on the 19

and shall continue in force until terminated on a date specified by a

written notice given to either party by the other party at least

prior to such date of termination.

9. Upon termination, the Owner shall pay to the Railway Company
all costs in connection with the disconnecting and removal of the con-

nections between the water facilities of the Railway Company and the

service line of the Owner.

10. This agreement shall not be assigned or in any manner trans-

ferred by the Owner without the written consent of the

of the Railway Company.

11. The Owner agrees to indemnify the Railway Company and save

it harmless from all claims and expenses that may arise or be made for

loss or damage resulting to the employees or property of the Owner or

to any other persons or property upon the premises of the Owner aris-

ing out of the construction, maintenance or operation of the water facil-

ities used in furnishing said Owner with water as herein provided.

12. Until terminated as hereinbefore provided this agreement shall

inure to the benefit of and be binding upon the legal representatives and

successors of the parties respectively.

In Witness Whereoe' the parties hereto have executed this agree-

ment the day and year first above written.

Witness

:

Witness

;

Railway Company.

Owner.
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Appendix B

Clark Dillenbeck, Chairman, Sub-Committee ; W. H. Brameld, E. M.

Durham, Jr., B. Herman, J. C. Irwin, J. S. Lillie, O. K. Morgan, C. B.

Niehaus.

The work assigned to this Committee was

:

1. Make appropriate report regarding Revision of Manual where

necessary, also continue work with other Committees to remove

conflicts in Manual.

2. Make final report on "Form of Agreement for Joint Use of

Passenger Station Facilities."

3. Make tentative report on "Form of Agreement for Joint Use of

Freight Station Facilities."

(1) REVISION OF MANUAL
Your Sub-Committee has made careful study of the Uniform General

Contract forms in the Manual and has no recommendations for changes.

As regards conflicts between Contract Forms in the Manual and

specifications of other Committees, these were removed last year by

Committee VII, Wooden Bridges and Trestles, and Committee VIII,

Masonry.

Committee I, Roadway, appointed a Sub-Committee to handle this

subject and your Chairman, at their invitation, attended their first meet-

ing. This Sub-Committee has given the matter very careful considera-

tion and has prepared report removing all conflicts with the Contract

Form and have retained only such parts of the clauses removed from

their Specifications as pertains strictly to the Specifications.

We are advised by the Chairman of the Sub-Committee that their

report was approved at the meeting of the entire Roadway Committee held

at Pittsburgh November 20th.

Your Chairman has received no reply from Committee XV, Iron

and Steel Structures, relative to removing the conflicts in "Specifications

for the Erection of Railway Bridges," and "Specifications for Steel

Railway Bridges."

(2) FORM OF AGREEMENT FOR JOINT USE OF PASSENGER
STATION FACILITIES

The "Form of Agreement for Joint Use of Passenger Station Facili-

ties" was included in last year's report of this Committee and was sub-

mitted to the Convention as a "Tentative draft for information and dis-

cussion." Requests were made for criticisms but only few and minor

ones have been received. These have been considered by the Sub-Com-

mittee and a few minor changes in wording made.

It is now submitted as attached hereto as a "Final draft submitted

for approval." The Committee recommends it for adoption.



496 Uniform General Contract Forms

(3) FORM OF AGREEMENT FOR JOINT USE OF FREIGHT
STATION FACILITIES

Your Sub-Committee has prepared a form of Agreement for Joint

Use of Freight Station Facilities, which is submitted herewith and attached

hereto as a "Tentative Draft for Information and Discussion."

Your Sub-Committee recommends for program of work for the

ensuing year

:

That the work of ehminating conflicts between the Specifications

and Contract Form in the Manual be completed, if not completed this

year.

That the proposed Form of Agreement for Joint Use of Freight

Station Facilities be carried to completion as final draft to be recommended

for approval.

FORM OF AGREEMENT FOR JOINT USE OF FREIGHT STATION
FACILITIES

This Agreement, made this day of

19 .... , by and between , a corporation

organized and existing under the laws of the State of

hereinafter called the "A" Company ; and

a corporation organized and existing under the laws of the State of

, hereinafter called the "B" Company.

WITNESSETH :

That, in consideration of the covenants and agreements herein con-

tained, it is mutually agreed as follows

:

Grant and Description.

1. The "A" Company hereby grants to the "B"

Company the right to use, during the life of this agreement, jointly with

the "A" Company and any other railway company or com-

panies, now using or which the "A" Company may here-

after permit to use, the Freight Station facilities of the "A"

at in the County of

and State of described as follows

:

All being substantially as shown on plan numbered

, dated designated as

signed by the of the respective

companies, hereto attached and made a part hereof.

Scope.

2. The right of joint use hereby granted contemplates and is con-

fined to the use by the "B" Company of the

said freight station facilities of the "A" Com-
pany for the conduct of the freight business of the "B"

Company.
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Employees.

3. The "A" Company shall furnish to the

"B" Company the joint services of the agents,

clerks, telegraph operators, laborers, gatemen, watchmen and other em-

ployees of the "A" Company, whose services may
be necessary for the conduct by the "B" Com-

pany of its said business at said station ; and do and perform, with

its own switch engines, and crews, for account of the "B"

Company, such switching service over the said tracks of

the "A" Company to be jointly used hereunder,

as may be necessary in the premises; the "A"

Company to receive cars from and make delivery of cars to the

"B" Company on the interchange track herein-

before described.

Operation and Maintenance.

4. The "A" Company shall maintain the

station and appurtenances owned by it and to be jointly used hereunder;

shall pay all taxes and insurances ; and shall provide the necessary light,

heat, water, and other accessories required for the joint use of the

same
;

provided, however, that the "B" Com-

pany shall, at its own cost and expense, provide and furnish all sta-

tionery and printed forms which may be necessary for the conduct of

its business.

Rental.

5. The "B" Company shall pay to the

"A" Company, in monthly settlement, for the

privilege of using said freight station facilities and for the service per-

formed by it for the "B" Company, the follow-

ing sums of money:

For Switching

The sum of dollars for each and every loaded

car switched by the "A" Company for the

"B" Company hereunder, as aforesaid ; it being

understood that no charge will be made by the "A"

Company for switching empty cars hereunder, in either direction, pro-

vided they go into or come out of said facilities loaded.

For Joint Use op Said Freight House, Platforms, Tracks, Etc.

(a) Such proportion of the interest at the rate of %
per annum upon the value of the said facilities, which for the purpose

of this agreement is hereby agreed to be the sum of

as the number of tons of freight handled through said freight house

and or over said platform by or for the account of the "B"

Company, shall bear to the total number of tons of freight
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handled through said freight house and or over said platform, during

such period.

(b) Such proportion of the expense incurred for the maintenance

of said facilities, and properly chargeable under the current rules,

regulations and classification of the Interstate Commerce Commission

to maintenance expense, as the number of tons of freight handled through

said freight house and or over said platform by or for the account of

the "B" Company, shall bear to the total num-
ber of tons of freight handled through said freight house and or over

said platform, during such period.

(c) Such proportion of the salaries or wages paid by "A"
Company to the agent, clerks, telegraph operators, laborers,

gatemen, watchmen and all other employes engaged in joint service, as

the number of tons of freight handled through said freight house and

or over said platform, by or for the account of the "B"
Company, shall bear to the total number of tons of freight

handled through said freight house and or over said platform, during

such period.

(d) Such proportion of the cost of taxes and insurance, light, heat,

water, telephone service and other accessories for joint use, as the num-
ber of tons of freight handled through said freight house and or over

said platform, by or for the account of the "B"

Company, shall bear to the total number of tons of freight handled

through said freight house and or over said platform, during such

period.

Bills made under paragraphs (b) and (c) of this Article will

include, 10% of the cost of labor, for supervision and use of tools,

and 15% of the cost of material for freight and handling.

Bills shall be rendered monthly and shall be paid within 30 days

thereafter.

(See Appendix.)

Additions and Betterments.

6. In the event that any additions to, or betterments or improve-

ments of, the facilities of the "A" Company to

be jointly used by the "B" Company hereunder,

shall, at any time hereafter and during the life of this agreement, in the

judgment of the "A" Company, be deemed to be

necessary for the joint use of the parties hereto, then and in such event,

the "A" Company may, in its discretion, and

without the concurrence of the "B" Company,

make and construct the same, and thereafter the "B"

Company shall pay additional rent for the joint use of said additions,

betterments or improvements, and its additional proportion of the main-

tenance and operation of the same, on the basis provided in Article 5 of

this agreement.
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Custody of Property.

7. Cars delivered to the "A" Company by the

"B" Company to be switched hereunder as aforesaid, shall

not be deemed to have been regularly interchanged to the "A"
Company, but the same shall remain in the records, and be considered as

being in the possession of the "B" Company, and any car

furnished by the "A" Company for loading on account of

the "B" Company when cars of the "B" Com-
pany are not available, shall be considered as being in possession of the

"B" Company beginning with the day it is placed for such

loading. The "B" Company shall assume and pay its own
per diem and other expenses, and collect its own demurrage and other

charges on such cars.

All cars of the "B" Company and the contents thereof,

while upon the said tracks of the "A" Company, as well as all

freights held by or for account of the "B" Company in,

upon or about the said freight house, platforms or other terminal facilities

of the "A" Company so to be jointly used hereunder, as

aforesaid, shall, for the purposes of this agreement, be deemed and con-

sidered to be under the control and in the custody and care of the

"B" Company and the "B" Company shall carry

its own insurance upon the same.

Movement of Cars.

8. The "A" Company shall provide for the movement
of the freight cars of the "B" Company over its tracks as

nearly as may be practicable in accordance with the wishes of the

"B" Company, and shall exercise in the handling of such

cars the same degree of care that it exercises in the handling of its own
cars.

Deprivation, of Use.

9. In case the "B" Company shall by reason of fire or

other unavoidable casualty be deprived of the use of said faciUties or any
part thereof, a reduction of said rental shall be made to it for the time

during which said deprivation shall continue, proportionate to the amount
of said deprivation.

Equipment.

10. All cars delivered by the "B" Company to the

"A" Company for operation over the tracks of the

"A" Company hereunder, as aforesaid, shall be fully equipped

with the appliances provided for in the so-called Federal Safety Appli-

ance Acts, or in any other acts or statutes. Federal or State ; it being

understood that the "B" Company shall be solely responsible

for the consequences of the failure on its part to so equip said cars, and
that the "A" Company may refuse to receive or handle any
cars of the "B" Company which may not be so equipped.
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Status of Employees.

11. All employees of the "A" Company, whose services

are necessary and required for the joint use of the parties hereto in the

operation and maintenance for joint account of the freight station facilities

of the ."A" Company, shall, for the purpose of this agree-

ment, be considered to be sole employees, in the performance, of, or

omission to perform, services, the benefit or other result of which accrues

to either party hereto, solely; and as joint employees, in the performance

of, or omission to perform, services, the benefit or other result of which

accrues to both parties hereto jointly.

Liability.
\

12. Liability for all loss of or damage to property and injury to or

death of persons (all hereinafter collectively referred to as damage), in

any manner originating or occurring upon or in connection with the opera-

tion of the property and facilities covered by this agreement, shall be gov-

erned by the following provisions

:

Each party hereto shall be liable, for all damage which shall be caused

in any manner by or in connection with its business or traffic, when the

business or traffic of the other party are in nowise involved.

Each party hereto shall be liable for all damage which shall be caused

solely

:

(a) By defect in its sole property or property separately

used by it

(b) By act or by the negligence of its separate employees.

Otherwise, each party shall be liable for all damage to its separate

property, employees or traffic.

All other damage and costs and expenses in connection therewith,

including those resulting from undetermined causes, shall be borne equally

by the parties hereto.

Each party shall adjust the claims of its own employees. No settle-

ment for which the other party is to be held wholly responsible, and no

settlement in excess of Five Hundred Dollars ($500.00), for which the

other party is to be held jointly responsible, shall be made without its

concurrence.

In event of any suit being brought against either party hereto, for

which the other party may be held liable, the party against whom such

suit is brought shall at once give the other party notice in writing thereof

in order that the other party may make such defense as it may deem
proper, and in such case the party that is liable as herein provided shall

pay all attorneys' fees, costs and expenses incurred in defending such

suit, as well as damages that may be recovered therein.

Default.

13. If the "B" Company shall make default in any of

the payments hereinbefore required of it to be made, or shall fail to

faithfully perform any of the covenants herein required by it to be per-

formed, then in such case, and if such default or failure shall continue

for a period of ( ) days after the "A" Com-
pany shall have given the "B" Company a written notice
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thereof, the "A" Company may, by a (••)
days' notice in writing to the "B" Company declare this

agreement terminated, and may at the termination of the said

( ) days in said notice mentioned, exclude the "B" Com-
pany from the use and enjoyment of any and all of the premises and

rights hereinbefore granted to it and the "B" Company shall

surrender to the "A" Company all of said premises, and

shall have no claim or demand upon it by suit at law or otherwise, on

account of such exclusion. Provided, that failure to make any payment

or perform any covenant which is the subject of arbitration or of litiga-

tion between the parties hereto, shall not pending arbitration or litiga-

tion, be deemed a cause of forfeiture hereunder.

The "A" Company may waive any such default or fail-

ure, but no action of the ......"A" Company in waiving such

default or failure shall extend to, or be taken to affect any subsequent

default or failure, or impair its rights.

Aribtration.

14. In case any question arises under this agreement or concerning

the subject matter thereof, upon which the parties hereto cannot agree,

such question shall be settled by a sole disinterested arbitrator, to be

selected jointly by the parties to this agreement.

The expense of arbitration shall be apportioned between the parties

hereto, or wholly borne by either party, as may be determined by the

arbitrator.

Term.

15. This agreement shall take effect on the

day of 19 , and, unless earlier terminated as hereinbefore

prescribed, shall continue in force for the period of

years from said date and thereafter until terminated on a date specified

by a written notice given to either party by the other party at least

prior to such date of termination.

This agreement shall inure to the benefit of and be binding upon the

parties hereto, their successors and assigns.

In Witness Whereof, the parties hereto have executed this agree-

ment, the day and year herein first above written.

The Company
By Seal

...A...

President Company
Attest

:

Secretary

The Company
By Seal

...B...

President Company
Attest

:

, Secretary
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Appendix.

Under section (3) "B" Company may have separate

agents, etc.

Section (5) may be written in various ways, depending on conditions

and the agreement of the parties. The following are suggestions for

alternates

:

1. For one or more paragraphs of this section

:

A flat sum Dollars.

2. For paragraph (a) :

One-half of the interest at per cent of

the value of such facilities, which for the purpose of this

agreement shall be taken at $

Should any other railway company or companies be granted by

"A" Company to joint use of the aforesaid freight station

facihties, then in that event the interest to be paid by "B"

Company shall be that proportion which it bears to the total number of

companies using the joint facilities.

3. A charge for depreciation and obsolescence may be made
at the option of the parties.

FORM OF AGREEMENT FOR JOINT USE OF PASSENGER
STATION FACILITIES

This Agreement, made this day of

19 , by and between

a corporation

organized and existing under the laws of the State of

, hereinafter called the "A"

Company ; and ,

a corporation organized and existing under the laws of the State of

, hereinafter called the

"B" Company.

WITNESSETH :

That, in consideration of the covenants and agreements herein con-

tained, it is mutually agreed as follows

:

Grant and Description

1. The "A" Company hereby grants to the

"B" Company the right to use, during the life

of this agreement, jointly with the "A"
Company and any other railway company or companies, now using or

which the "A" Company may hereafter permit

to use the Passenger Station facilities of the "A"
Company at , in the

County of and State of

described as follows

:

All being substantially as shown on plan numbered

dated , designated as

signed by the

of the respective companies, hereto

attached and made a part hereotf.
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Scope

2. The right of joint use hereby granted contemplates and is con-

fined to the use by the "B" Company of

the said Passenger Station facilities of the "A"

Company for the accommodation of the passengers and conduct of the

passenger, baggage, mail and express business of the "B"

Company.

Employees

3. The "A" Company shall furnish to the

"B" Company the joint services of the agents,

clerks, telegraph operators, laborers, gatemen, watchmen and other em-
ployees of the "A" Company, whose services may
be necessary for the conduct by the "B" Companj
of its said business at said station.

Operation eind Maintenance

4. The "A" Company shall maintain the sta-

tion and appurtenances owned by it and to be jointly used hereunder;

shall pay all taxes and insurance; and shall provide the necessary light,

heat, water, and other accessories required for the joint use of the same;

provided, however, that the "B" Company shall,

at its own cost and expense, provide and furnish all stationery, printed

forms, tickets and baggage checks which may be necessary for the conduct

of its business.

Rental

5. The "B" Company shall pay to the

"A" Company, in monthly settlement, for the

privilege of using said passenger station faciUties and for the service

performed by it for the "B" Company, the follow-

ing sums of money:

(a) Such proportion of the interest at the rate of %
per annum upon the value of said facilities, which for the

purpose of this agreement is hereby agreed to be the sum of

as the number of

of the "B"
Company handled in and out of said station bears to the total

number of handled in and out

of the same, during such period.

(b) Such proportion of the expense incurred for the maintenance

of said facilities, and properly chargeable under the rules,

regulations and classification of the Interstate Commerce
Commission to maintenance expense, as the number of

of ."B"

Company handled in and out of said station bears to the

total number of handled in and out

of same, during such period.

(c) Such proportion of the salaries or wages paid by. . . ."A"

Company to the agent, clerks, telegraph operators, laborers,

gatemen, watchmen and all other employees engaged in
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joint service, as the number of of

"B" Company handled in and out of said station

bears to the total number of

handled in and out of the same, during such period,

(d) Such proportion of the cost of taxes and insurance, light,

heat, water, telephone service and other accessories for joint

use, as the number of

of "B" Company handled in and out

of said station bears to the total number of

handled in and out of the same, during such period.

Bills made under paragraphs (b) and (c) of this article will in-

clude 10 per cent, of the cost of labor for supervision and use of tools,

and 15 per cent, of the cost of material for freight and handling.

Bills shall be rendered monthly and shall be paid within 30 days

thereafter. (See Appendix.)

Additions and Betterments

6. In the event that any additions to, or betterments or improve-

ments of, the facilities of the "A" Company, to

be jointly used by the "B" Company hereunder,

shall, at any time hereafter and during the life of this agreement, in the

judgment of the "A" Company, be deemed to be

necessary for the joint use of the parties hereto, then, and in such event,

the "A" Company may, in its discretion, and with-

out the concurrence of the "B" Company, make

and construct the same, and thereafter the "B"

Company shall pay additional rent for the joint use of said additions, bet-

terments or improvements, and its additional proportion of the mainte-

nance and operation of the same, on the basis provided in Article 5 of

this agreement.

Custody of Property

7. All cars of the "B" Company and the con-

tents thereof, while upon the said tracks of the "A"

Company, as well as all freight, baggage, express or other property held

by or for account of the "B" Company in, upon or

about the said facilities of the "A" Company to be

jointly used hereunder, shall, for the purpose of this agreement, be

deemed and considered to be under the control and in the custody and

care of the "B" Company and the "B"

Company shall carry its own insurance upon the same.

Deprivation of Use

8. In case the "B" Company shall by reason

of fire or other unavoidable casualty be deprived of the use of said facili-

ties or any part thereof, a reduction of said rental shall be made to it for

the time during which said deprivation shall continue proportionate to the

amount of said deprivation.

Status of Employees

9. All employees of the "A" Company, whose

services are necessary and required for the joint use of the parties hereto
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in the operation and maintenance for joint account of the passenger

station faciHties of the "A" Company shall, for

the purpose of this agreement, be considered to be sole employees, in the

performance of, or omission to perform, services, the benefit or other

result of which accrues to either party thereto, solely; and as joint em-

ployees, in the performance of, or omission to perform, services, the bene-

fit or other result of which accrues to both parties hereto, jointly.

Liability

10. Liability for all loss of or damage to property and injury to or

death of persons (all hereinafter collectively referred to as damage), in

any manner originating or occurring upon or in connection with the

operation of the property and facilities covered by this agreement, shall

be governed by the following provisions

:

Each party hereto shall be liable for all damage which shall be

caused in any manner by or in connection with its trains, engines, cars,

business or traffic, when the trains, engines, cars, business or traffic of

the other party are in nowise involved.

Each party hereto shall be liable for all damage which shall be

caused solely

(a) By defect in its sole property or property separately used

by it.

(b) By act or by the negligence of its separate employees.

Otherwise, each party shall be liable for all damage to its separate

property, employees or traffic.

All other damage and costs and expenses in connection therewith,

including those resulting from undetermined causes, shall be borne equally

by the parties hereto.

In interchange, the liability as between the delivering road and the

receiving road shall be as follows

:

Trains and cars in passenger, mail, express or like service which are

present to proceed in whole or in part to and upon the road of the other

party hereto, shall be trains or cars of the delivering road

:

(a) For determining questions arising in connection with the

interchange of passengers and baggage ; until such passen-

gers are landed on the station platform or the baggage has

been unloaded from the train and receipted for.

(b) For determining other questions; until the final stop in the

station, if all the cars and engine are to proceed on the re-

ceiving road; or until the cars to be delivered are cut off, if

all the cut is to proceed on the receiving road, and thereafter

each part of such train shall be the train or cars of the road

over whose rails it is to proceed. Intermediate cars in a

train, which are to be cut out to proceed on the other road,

shall become the cars of the receiving road when the first

cut is made, and the cars to be returned to the original train

shall remain throughout the movement, the cars of the de-

livering road.

Each party shall adjust the claims of its own passengers and em-
ployees. No settlement for which the other party is to be held wholly

responsible, and no settlement in excess of Five Hundred Dollars
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($500.00), for which the other party is to be held jointly responsible, shall

be made without its concurrence.

In event of any suit being brought against either party hereto, for

which the other party may be held liable, the party against whom such

suit is brought shall at once give the other party notice in writing thereof

in order that the other party may make such defense as it may deem
proper, and in such case the party that is liable as herein provided shall

pay all attorneys' fees, costs and expenses incurred in defending such

suit, as well as damages that may be recovered therein.

Default

11. If the "B" Company shall make default

in any of the payments hereinbefore required of it to be made, or shall

fail to faithfully perform any of the covenants herein required by it to

be performed, then in such case, and if such default or failure shall

continue for a period (•...) days after the

"A"..... Company shall have given the "B"
Company a written notice thereof, the "A" Com-
pany may, by a ( ) days' notice in writing to the

"B" Company declare this agreement terminated,

and may at the termination of the said ( )

days in said notice mentioned, exclude the "B"
Company from the use and enjoyment of any and all of the premises and
rights hereinbefore granted to it and the "B"
Company shall surrender to the "A" Company all

of said premises, and shall have no claim or demand upon it by suit at law

or otherwise, on account of such exclusion. Provided, that failure to

make any payment or perform any covenant which is the subject of

arbitration or of litigation between the parties hereto, shall not, pending

arbitration or litigation, be deemed a cause of forfeiture hereunder.

The "A" Company may waive any such default

or failure, but no action of the "A" Company in

waiving such default or failure shall extend to, or be taken to affect any

subsequent default or failure, or impair its rights.

Arbitration

12. In case any question arises under this agreement or concerning

the subject matter thereof, upon which the parties hereto cannot agree,,

such question shall be settled by a sole disinterested arbitrator, to be se-

lected jointly by the parties to this agreement.

The expense of arbitration shall be apportioned between the parties

hereto, or wholly borne by either party, as may be determined by the

arbitrator.

Term
13. This agreement shall take effect on the

day of
, 19 , and, unless earlier

terminated as hereinbefore prescribed, shall continue in force for the

period of years from, said date and thereafter

until terminated on a date specified by a written notice given to either
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party by the other party at least prior to

such date of termination.

This agreement shall inure to the benefit of and be binding upon the

parties hereto, their successors and assigns.

In Witness Whereof, the parties hereto have executed this agree-

ment, the day and year herein first above written.

The Company

By [Seal

President. "A"
Company]

Attest

Secretary.

The Company

By [Seal

President "B"

Company]

Attest.

Secretary.

Appendix

Under section (3) "B" Company may have

separate agents, etc.

Section (5) may be written in various ways, depending on conditions

and the agreement of the parties. The following are suggestions for

alternates

:

1. For one or more paragraphs of this section:

A flat sum Dollars.

2. For paragraph (a) :

One-half of the interest at per cent, of the

value of such facilities, which for the purpose of this agree-

ment shall be taken at $

Should any other railway company or companies be granted by

"A" Company the joint use of the aforesaid

passenger facilities, then in that event the interest to be paid by

"B" Company shall be that proportion which it

bears to the total number of companies using the joint facilities.

3. A charge for depreciation and obsolescense may be made at the

option of the parties.
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Appendix C

E. L. Taylor, Chairman, Sub-Committee ; W. H. Brameld, W. A. Dufif,

E. M. Durham, Jr., F. R. Judd, C. B. Niehaus, F. L. Nicholson, H. A.

Palmer, A. C. Shields, John Worley.

A meeting of the Sub-Committee was held in New York in July.

Messrs. Brameld, Niehaus, Palmer, Worley and Taylor were present.

In addition to discussion at this meeting the work of the Sub-Com-

mittee has been conducted by correspondence.

The Sub-Committee submits and recommends for adoption

;

FORM OF OPTION FOR PURCHASE OF LAND

In consideration of Dollars, receipt whereof

is hereby acknowledged, and for other good and valuable consideration,

the undersigned (hereinafter called the Owner), for himself, his heirs,

executors, administrators, successors and assigns, offers to convey to

(hereinafter called the Railway Com-
pany), its successors and assigns, within days from

the acceptance of this offer, the property described below free and clear

of all liens and encumbrances by warranty deed for

Dollars, payable as follows

:

The Railway Company will pay for examination of titles ; interest,

taxes, water rents, rents and insurance to be prorated as of the date of

delivery of the deed.

This offer may be accepted at any time before twelve o'clock noon

time on the day of

19 by delivering or mailing to the Owner or by filing with a tele-

graph company, notice of said acceptance, and until that date and hour

this offer is irrevocable. Upon service of said notice the Railway Com-
pany may immediately enter upon and take possession of the property

described below.

In event of acceptance of this offer the $ above

named shall be applied on the purchase price. If this offer is not accepted,

said sum shall be retained "by the Owner.

(Description of Property)

In Witness Whereof, the Owner has hereunto set his hand and

seal in duplicate this day of , 19

(L. S.)

Witness as to Owner's
Signature:

Owner.
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Note: The above form is the same as the form appearing in Bulletin

261 of Nov., 1923, on page 212, except that the clause "an acceptance,

subject to examination of titles, shall be considered an unconditional

acceptance" has been eliminated.

Form of Agreement for Purchase of Electrical Energy appearing in

Bulletin 261, Nov., 1923, on page 213, is submitted again without change

for information and discussion:

FORM OF AGREEMENT FOR PURCHASE OF ELECTRICAL
ENERGY

This Agreement, made this day of 19 ,

between (hereinafter called the Railway

Company) and (hereinafter

called the Electric Company),

WITNESSETH :

1. The Electric Company agrees to sell and deliver to the Railway

Company electrical energy for the Railway Company's requirements for

power and lighting at during the

continuance of this agreement up to K.W. demand, as

hereinafter provided.

2. The electrical energy supplied under this agreement shall be in the

form of phase alternating current of cycles

and volts, direct current of .•/'!,•• •• •• -volts

and shall be measured on the side of the ./.,;.

Company's transformers.

3. The frequency and voltage at points of delivery shall be subject

to the ordinary fluctuations incidental to the usual practice in generation

and transmission of electrical energy, but the fluctuations shall not, ex-

cept under unusual circumstances beyond immediate control, exceed a

maximum variation for

alternating current of cycles above or below

cycles and of volts above or below

volts.

direct current of volts above or below

volts.

4. The Railway Company shall have the right to use electrical energy

for lighting purposes up to per cent, of the total connected

power load.

5. The Electric Company agrees to have at all times a reserve ca-

pacity of equipment sufficient to insure continuity of supply of electrical

energy up to the limit of the prevailing maximum demand of the Railway

Company, against all reasonably possible failures of power generating,

transmitting or converting equipment.

6. The Railway Company shall pay to the Electric Company monthly

upon rendition of bills for electrical energy under this agreement;



510 Uniform General Contract Forms

(a) a net fixed primary charge at the rate of

per calendar year per K.W. of yearly maximum demand as

determined by the indication of a standard instrument record-

ing the highest average monthly demand in K.W., which de-

mand shall be the average of the four highest demands,

demand being defined as the greatest amount of power in

K.W. taken simultaneously at the several points of measure-

ment during any consecutive minute period of any

day of 24 hours,

(b) a secondary charge of per K.W.H. for all

electrical energy consumed, on the basis of readings of a

meter or meters.

The type of measuring instruments and their location shall be

mutually agreed upon and they shall be furnished by the Electric Company
and installed at its expense.

The Railway Company agrees to maintain, at all times, a power

factor of not less than per cent. If the power factor of the

Railway Company's load is less than per cent, then the

words "kilovolt-ampere-hours" shall be substituted for "K.W.H." in

Section 6 (b) ; and in consideration of this penalty, if the Railway

Company maintains the power factor above per cent, then

the Electric Company agrees to allow a discount of per cent

for each 1 per cent that the power factor of the Railway Company's

load is above per cent.

In event the Electric Company supplies electrical energy to any

consumer under conditions similar to and at rates lower than those

herein provided, the Electric Company agrees to charge the Railway

Company such lower rates in lieu of the rates provided for herein.

7. It is further agreed that the prices to be paid to the Electric

Company under Section 6 for electrical energy consumed by the Railway

Company are based upon cost of j ^°^
J
delivered f. o. b. alongside

°' "•••-(bw)"*
••

(
pounds \ j£ ^j ^j^y j.jj^g during the continuance of this
gallons/

agreement the cost of I ^°^ j as aforesaid is increased or decreased,

the Railway Company shall pay to the Electric Company after such

increase or decrease an additional or lesser amount for the electrical

energy consumed hereunder equal to mills per K.W.H. for

each cents of such increased or decreased ( ., ) cost,

respectively.

8. If at any time, by reason of strike, riot, insurrection, civil or

military authority, fire, explosion, act of God, or any other cause beyond

its control, the Railway Company is prevented in whole or in part

from making use of the electrical energy to be supplied hereunder or

the Electric Company is unable to supply such electrical energy then

the minimum charge to the Railway Company shall be reduced in proportion

to the inability of the parties to perform their respective obligations

hereunder.
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9. All meters shall be furnished and maintained by the Electric

Company and shall be tested by approved methods by the Electric Com-
pany at its own expense during the months of

and , and the Electric Company shall, where
necessary, adjust or replace defective meters. The Electric Company
shall give to the Railway Company at least days' notice

when each test is to be made and representatives of both parties shall

be present thereat. If, upon test, a meter is found to be inaccurate, it

shall be promptly restored to an accurate condition or a new meter shall

be substituted; should any meter be found to register in excess of 2 per

cent either above or below normal, then correction in the readings of

such meter shall be made for one-half of the inaccuracy found pro-

vided the error is less than 10 per cent, and if the error is more than

10 per cent the electrical energy consumed shall be estimated by agree-

ment between the parties, but no such correction shall be made in excess

of 30 days prior to the date of the test and in no case prior to the date

of the last prior test.

10. Bills shall be rendered and payable monthly and shall be subject

to a per cent discount if paid within days

after rendition.

11. It is further agreed that the.. Company
shall operate switches connecting the Railway Company's apparatus with

the Electric Company's lines.

12. The Railway Company shall use reasonable care to prevent

anyone other than the authorized employees of the Electric Company
from interference with meters or other appliances of the Electric Com-
pany.

13. In case any question arises under this agreement or con-

cerning the subject matter thereof, upon which the parties hereto cannot

agree, such question shall be settled by a sole disinterested arbitrator,

to be selected jointly by the parties to this agreement. The expense of

arbitration shall be apportioned between the parties hereto or wholly

borne by either party as may be determined by the arbitrator.

14. The Electric Company shall have the right of access to the

premises of the Railway Company at all reasonable times during the

period of this agreement for the purpose of reading meters and inspecting

and repairing the Electric Company's equipment and on the termination

of this agreement for the purpose of removing its property.

15. This agreement shall take effect as of the day
of 19 and shall continue until the

day of 19...., and thereafter until terminated by

written notice given by either party to the other_ at least

days prior to the date of termination.

16. This agreement and each provision herein contained is hereby

made binding upon the legal representatives, successors and assigns of

each party hereto.

In Witness Whereof, the parties hereto have executed this agree-

ment the day and year first above written.

(Electric Company)

(Railwax Compaoy)
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The Sub-Committee submits for information and discussion the

following

:

FORM OF AGREEMENT FOR JOINT USE OF POLES ON RAIL-

WAY RIGHT-OF-WAY

Note : This Form of Agreement is not intended to be used as a gen-

eral agreement with a telegraph company operating on the lines of a

railway company.

Memorandum of Agreement made this day of

, , 19...., between the •• Railway

Company (hereinafter called the Railway Company) and the

Company, a corporation existing under the laws of the State of

(hereinafter called the Wire Company), for the joint

use by the parties of certain poles between and

In consideration of the mutual promises herein contained, the parties

hereby agree as follows

:

1. It is agreed that the location of all the joint poles and joint use

thereof by the parties shall be as set forth in Schedule A in accordance

with plan No dated designated as

hereto attached and made a part hereof.

2. The proportionate interest of each of the parties in the poles and

the proportion of the cost of construction and maintenance to be borne by

each party shall be as set forth in Schedule A.

3. The available space on each of the said poles shall be occupied

by the parties hereto in the manner shown on said plan.

4. Details of construction of said poles and the wires and fixtures

thereto attached and the character and voltage of electric currents em-

ployed shall be governed by specifications No
5. Except in case of emergency no relocation or replacement shall

be made of any joint pole except upon due written notice given by the

party responsible .for its maintenance to the other party occupying such

pole. In emergency cases, verbal notice shall be immediately given and

cQnfirmed in writing as soon as practicable.

no: 6. Each party shall, at its own expense, place and maintain its cross-

arms, fixtures and wires and shall be responsible for the electric currents

employed by it in the conduct of its business, for loss of or damage to

property (including poles, wires and fixtures maintained under this agree-

ment) and for injury to or death of persons due solely to the act or neg-

lect of such party. Each party shall pay its fair proportion of any such

loss of or damage to property or injury to or death of persons due in

part to its act or neglect and in part to the act or neglect of the other

party. In event the parties hereto cannot agree upon the fair proportion

to be borne in any such case, the question shall be referred to arbitra-

tion. Each party shall take reasonable precaution to prevent interference
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of its wires on said poles, or of its system, with the system or services of

the other party.

7. The poles included herein shall be in the custody of and main-

tained by the party hereto indicated in said Schedule A, and the other

party occupying such poles shall pay the proportion specified in said

Schedule A of the expense of maintenance.

8. The Wire Company shall pay to the Railway Company as rent for

the use of the latter's property and right-of-way the sum of $

per pole per year on the day of every during the

continuance of this agreement (and pro rata for a shorter period) a

proportionate part of said rent to be refunded to the Wire Company
in case of termination hereof by the Railway Company by notice in

Section 13 hereof prior to the date to which rent shall have been paid.

9. In event a pole tax or other similar charge is assessed by state

or municipal authority upon said poles, or poles erected in renewal thereof,

the same shall be treated as a maintenance expense.

10. Each party shall pay all taxes assessed against its crossarms, fix-

tures and wires or against its property or rights.

11. The net expense of construction or maintenance caused by a

change of any pole with respect to size, character, location or otherwise

solely for the benefit of one of the parties shall be borne solely by such

party and it shall have sole use of any additional space thus obtained, but

if any such change is for the benefit of both of the parties the net expense

thereof shall be borne by the parties in proportion to their respective

benefit and each shall have its fair share of the use of any additional

space so obtained.

12. The party maintaining any pole or poles may with the consent

of the other party hereto occupying said pole or poles, license the use of

such poles by other parties, and a duplicate of each such license shall be

filed with the other party hereto. All such licenses shall specify the terms

and conditions governing such use. In case revenue is derived from the

use of any pole or poles in such a license, the party granting the license

shall collect such revenue and shall pay to the other party hereto its pro-

portionate share thereof.

13. If one of the parties hereto desires to discontinue the use of any

pole jointly owned hereunder, it shall give to the other party written

notice of its intention so to do; and shall within 90 days remove its wires

and fixtures and transfer all its interest in said pole to the other party if

the other party desires to continue its use. It shall thereupon be paid its

fair proportion of the original cost of the pole less depreciation and shall

be released from all liability hereunder in connection with said pole except

liabilities theretofore incurred. If such wires and fixtures are not so

removed the other party hereto may at the expiration of said 90 days

remove the same from such pole without being deemed guilty of trespass,

injury or damage to the party discontinuing use of such pole, or its prop-

erty or rights, and may collect all expense incurred in connection with

making such removal.
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14. This agreement shall take effect as of the

day of 19. . • ., and shall continue until terminated

by written notice given by either party to the other at least

days prior to the date of termination.

15. In event use of said poles is to be discontinued by both parties

hereof upon termination hereof each party shall at its own expense remove

its crossarms, fixtures and wires from said poles and said poles shall be

removed by the party responsible for the cost and maintenance thereof as

indicated in said Schedule A and the net cost of removal of said poles

shall be borne by the parties in the proportions applying to the cost of

construction and maintenance as set forth in said Schedule A.

In Witness Whereof the parties have executed this agreement the

day and year first above written.

.Railway Company

By

Wire Company

By
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Arthur Ridgway, Chairman; J. B. Maddock, Vice-Chairman;
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O. C. Badger, W. H. Hoyt,
Charles Chandler, T. F. Laist,
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C. S. Heritage, J. T. Vitt,
C. J. HOGUE, S. L. WONSON,

S. R. Young,
Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

1. Revision of Manual.

Attention is called to the report of the Sub-Committee on Revision

of Manual in Appendix A.

2. Study and Report on the Useful Strength of New, Old

and Treated Timber when used in Railway Trestles, in-

cluding a Critical Examination of the Present Theories

of Stresses when applied to Timber under Railway Load
Conditions.

The Sub-Committee to which this subject was assigned has returned

a final report which will be found under Appendix B.

Particular attention is called to that report since after two j-ears'

study of the subject the situation is therein reviewed and discussed as

briefly as possible. It will be noted that in the judgment of the Com-
mittee varying numerical strength values cannot scientifically be assigned

to timber classified according to age and preservative treatment, nor

does it seem possible at this time to develop new theories of stresses

applying to timber under railway load conditions which would insure

any greater degree of safe economy than those now prevalent in

practice. r i '

The Committee is therefore of the opinion that it is useless to pursue

investigation of the subject further, and accordingly the Sub-Committee
on Outline of Work makes its recommendation on the assumption that

the subject will be, at least for the present, withdrawn from the work
of the Committee.

3. Report on Classification of the Uses of Timber and

Lumber under American Railway Engineering Association

Specifications.

Bulletin 273, January, 1925.
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A final report of the Sub-Committee to which this subject was
assigned will be found in Appendix C. For the reasons therein men-
tioned it is now apparently advisable to withdraw from the Manual the

specifications for timber and lumber which have heretofore been adopted

by the Association and substitute therefor the specifications, grading,

and classification of American Lumber Standards appearing in full in

Exhibits A and B of Appendix C.

The definite charge to this Committee to report on classification of

uses of timber and lumber is complied with in Exhibit C.

4. Relative Merits of Open and Ballast Deck Trestles.

The report of the Sub-Committee on this subject will be found in

Appendix D, and the conclusions therein arrived at are to be considered

final insofar as your Committee can now pursue the subject.

5. Outline of Work for the Ensuing Year.

The Sub-Committee to which this subject was assigned returns its

report under Appendix E.

Action Recommended

1. That the final report on Subject No. 2, Appendix B, be received

as information.

2. That American Lumber Standards—Exhibits A and B, Appendix

C—be adopted by the Association and substituted for the specifications

for timber and lumber now appearing in the Manual.

3. That the classification of uses of timber and lumber for railway

purposes, Exhibit C in Appendix C, be adopted by the Association and

printed in the Manual.

4. That the four enumerated conclusions of the Sub-Committee on

Relative Merits of Open and Ballast Deck Timber Trestles, Appendix

D, be adopted for printing in the Manual, together with the two diagrams

for the graphical determination of "Annual Investment Cost, Wooden
Bridges and Trestles." ",,,;)/.

Recommendations for Future Work

Adopting the suggestions of the Sub-Committee on Outline of Work,
the following are your Committee's recommendations for future work:

1. Value of treated timber in wooden bridges and trestles. .

2. Continue work of co-operation and collaboration with other

committees of authority in simplification of grading rules and classifica-

tion of timber and lumber for railway uses.

3. Study and report on best methods of maintaining at a minimum
consistent with economy the quantity and multiplicity of sizes of lumber

and timber carried in railway stock.

Respectfully submitted,

Committee on Wooden Bridges and Trestles,

Arthur Ridgway, Chairman.
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Appendix A

REVISION OF MANUAL

H. Austin, Chairman, Sub-Committee; O. C. Badger, Charles Chandler,

J. B. Maddock.

The Committee on Rules and Organization advised of a proposed

revision of the rules for the inspection of bridges heretofore adopted by

the Association, and requested that in this revision the Committee on

Wooden Bridges and Trestles submit to the Committee on Rules and

Organization such rules or changes in existing rules as were deemed

expedient. Accordingly, a tentative draft of inspection rules has been

submitted to the Committee on Rules and Organization for incorporation

with draft of rules similarly submitted by the Committee on Iron and

Steel Structures.

While your Committee has not been specifically charged by the Com-
mittee on Outline of Work to consider revision of the adopted rules for

the inspection of bridges, which work naturally falls within the province

of the Committee on Rules and Organization, yet it believes that in

order for inspection rules to be entirely free from inconsistency, duplica-

tion, and conflict, this co-operation with the Committee on Rules and

Organization is an essential part of its work.

In anticipation of the early adoption by the Association of American

Lumber Standards, your Committee has given considerable study to the

changes in definitions, names of varieties, classification terms, etc., now
appearing in the Manual, which should be contemporaneous with the

adoption of the new specifications. After mature consideration of this

matter, your Committee concludes that notwithstanding the presentation

this year of the new specifications with a request for their adoption and

substitution for those now appearing in the Manual, no change should

be made in the structural timber definitions and names until after formal

adoption of the new specifications.

Your Committee, therefore, has at this time no changes to recom-

mend in the Wooden Bridges and Trestles chapter of the Manual.
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Appendix B

THE USEFUL STRENGTH OF NEW, OLD AND TREATED
TIMBER WHEN USED IN RAILWAY TRESTLES, IN-

CLUDING A CRITICAL EXAMINATION OF THE PRES-
ENT THEORIES OF STRESSES WHEN APPLIED TO
TIMBER UNDER RAILWAY LOAD CONDITIONS.

W. E. Hawley, Chairman, Sub-Committee; T. F. Laist, J. A. Newlin,

C. E. Paul, S. L. Wonson, S. R. Young.

The useful strength is that value of strength of the material which

can be relied upon at ail times to carry the business of the railroad.

The useful strength is less than the breaking value during the whole

life of the structure.

The useful strength of timber is not a fixed value nor constant, but

varies through a wide range depending upon quality of material, char-

acter of stress application, and situation of structure. As an exarnple

of variability from a fixed value for useful strength, attention is called

to the peculiar power of recovery after sudden loading and release of

load which timber shows under these conditions. During very short

intervals of sudden loading and release the useful strength of timber

is greater than the useful strength under static or quiescent load. Both

types of loading occur on railroad trestles.

The useful strength of timber is not easily forecast with the degree

of accuracy comparable to that possible for steel. Due to difference in

the quality of clear wood and differences in moisture content, wood of

the same species and external appearance may vary in ultimate breaking

point through a wide range. Only the average value may appear in a

table of strength, whereas the maximum and minimum values may be

widely different.

Large variations in strength of timber are caused by presence of

moisture in varying degrees in the timber. Railroad trestles and bridges

are usually exposed to the weather, and therefore the useful strength

value is less than for timber in dry locations. The moisture conditions

vary from season to season and by locality as extensive as the United

States. The moisture content may vary from minimum of hot dry sum-

mer to the maximum of wet winters. While the moisture content varies

from day to day and season to season, this change is not so extensive

or sudden as is generally believed.

The seasoning of timber is closely associated with the moisture con-

ditions of the climate and type of structure. Hence moisture conditions

affect also the formation of checks and splits which weaken timber to

resist stress. Checking defects may increase to a serious degree.

As the structure becomes older decay removes the surplus strength,

and the amount of decay will indicate the decrease in strength. Wood
fiber which has not been affected by decay or fungous growth retains
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all of its original strength. Great care must be used in judging the

amount and effect of decay. The decay which shows on the surface

may be estimated, but that on the inside can only be guessed at until

the decay has passed to an advanced stage and a large percentage of

cross section has been reduced seriously. There are types of decay which

are minute in the appearance of their attack and yet destroy large areas

of the cross section of the timber. These must be noted as well as the

coarser and more easily observed kinds.

Timber is treated with various preservatives to prevent decay and

thereby loss of strength. Although the treatment of timber for its

preservation has been accomplished since ancient times, yet today com-

plete data of the effect of the various methods upon the strength prop-

erties are not available. The strength of treated timber is unknown
because of lack of sufficient research. The emphasis of the research in

timber preservation has been upon the problem of economical lengthen-

ing of the life of the timber through commercial processes rather than

the retention of all the strength of the material. Such research as has

been done shows that commercial treatment may decrease the strength

as much as fifty percent, but that it is possible to give commercial treat-

ments with so little injury that the same working stresses can be used

with treated as with untreated timbers. Research has also indicated

that the weakening is primarily if not entirely due to the process and

not to the preservative. Even though treatment may decrease the

strength of the timber when new, yet it is possible for structures built

of treated timbers to have a greater reserve of strength than those of

untreated timbers, so that there comes a time when the treated timber

structure will have more useful strength left in it ,than if it were

untreated.

For timber under flexure stress weakening of extreme fibers would

cause serious loss of useful strength, whereas in short columns, under

conditions of straight compression, the deterioration of the shell or sur-

face would not cause as great loss of strength.

This Committee has in previous reports presented to the Association

tables for the permissible working values of timber of various kinds

under various stresses. These values are those recommended by the

Forest Products Laboratory after many tests. No tables of values to

be used with treated timber have been prepared, and cannot be until

more extensive strength tests of timber with various methods of treat-

ment have been made. Reports of tests which have been given previ-

ously are based upon processes which have destructively cooked the

timber or else were not extensive enough to form the basis of con-

clusions which could be applied to present day processes. There have

been tests of old treated timber taken from structures, but these are

too few in number and too uncertain regarding the quality of the original

untreated timber to form an accurate conclusion as to whether treatment

deteriorates the strength properties. These tests, however, show the

large reserve value of strength left in preserved timber at a time when
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untreated timber probably would have been useless. The desire for more

precise values of strength of treated timber must remain unsatisfied

until further research in the test laboratory is made.

The design of railway timber bridges and trestles requires the use

of the many different properties of timber in many combinations. This

design cannot be made by rigid analysis of mathematical process because

of the numerous variations of conditions. Timber is not homogeneous

in its various dimensions, and its resistance to stresses varies over a

very wide range. For example, note the great difference between the

flexure rupture resistance and shear along the grain resistance. To
complicate the matter further, timber often has defects which change the

direction of the fibers and the relative direction of the property of

resistance.

The assumptions used in the development of the beam formula do

not hold after the elastic limit is passed. This is particularly true with

wood where there is a large difference in the tensile and compressive

strength. The assumption that a plane section perpendicular to neutral

axis remains a plane section perpendicular to neutral axis is not true

within the elastic limit for any material, and is especially erroneous for

wood where there is a large difference between the modulus of elasticity

and the shearing rigidity. These assumptions do not cause any material

error in computing the stress in the extreme fiber, but do result in large

errors in computing the shear in beams when the load approaches the

reaction. The error is especially large in checked beams in which, in

extreme cases, the actual stress developed is only about one-third that

indicated by the formula. Until more information is available, no change

can be made in the present recommendation for computing shear

stresses.

The modulus of elasticity given in tables of working stresses is

usually an average value intended for use in computing the average

deflection of beams. In using such figures to compute the deflection of

beams it must be remembered that this property varies widely in clear

wood although it is affected but little by defects. Timbers are slightly

plastic, and under long durations of stress receive a permanent set. A
factor of 2 is usually used with the modulus of elasticity to compensate

for this sag.

The present practice is to consider the stringer loads as so many
concentrated point loadings, neglecting the distributing effect of the rail

and ties and the total depth of the complex structure of rail, tie, and

stringer. The rail is spiked to the ties and the ties are spiked or bolted

to the stringers, forming more or less a truss system. The rail dis-

tributes the point load of the wheels over some appreciable length of

the stringers through the means of broad ties usually assumed three in

number. The load on the stringer approaches in character uniform rather

than concentrated loading. The rail and its angle bar joints have a

large amount of bending moment resistance for such lengths as three

tie spacings and a high resistance to end shear.
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The quality of continuity exists between adjoining spans in railway

trestles because usually some stringers are of two spans length. The
amount of this action is uncertain because of the elasticity of the sup-

porting bents and the number of members transmitting stresses from
one panel to another. Frame and pile bents introduce further problems

such as the relative distribution of loading among the columns and the

proper proportioning of bracing and fastenings.

All of these various parts have been designed upon theoretical as-

sumptions erring on the side of safety, but there is no rigid process to

take the place of exercise of good judgment based upon past experience.

Conclusions

The Committee concludes that the design of wooden trestles must
be put in the same class as many other subjects reported on by commit-

tees of the Association.

1. There is no rigorous and exact science in proportioning the

various parts of a timber trestle, but the best previous knowledge tem-

pered with good judgment must be relied upon to produce satisfactory

designs.

2. Formula and stress values must be used with discretion aided

by knowledge of the results of timber research.

3. The appraisal of the useful strength of wood must be matter of

good judgment. No absolute value for the strength properties of wood
can be given and invariably used.

4. The design of timber structures of treated material should be

based upon reduced values of working stresses determined by judgment
from knowledge of the specific timber and the process to be used in its

treatment.

5. The classification of old structures of treated timber must be

done as a matter of examination for development of defects and judg-

ment of the effective strength left in the timber. No arbitrary stress

values can be set up advisedly.
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Appendix C

THE CLASSIFICATION OF USES OF TIMBER AND LUMBER
UNDER AMERICAN RAILWAY ENGINEERING ASSOCIA-
TION SPECIFICATIONS.

W. H. Hoyt, Chairman, Sub-Committee ; C. R. Chevalier, C. S. Heritage,

C. J. Hogue, D. F. Holtman.

This subject directs the practical application of grading rules for

lumber and timber to the railroad uses of these materials. Specifically

it refers to specifications of the American Railway Engineering Associa-

tion. These were adopted for publication in the Manual in 1921. These

specifications were a composite of the best rules then published in previ-

ous reports of the American Railway Engineering Association, the

American Society of Testing Materials, and the various regional lumber

associations.

Since the publication of these rules an organized standardization

program has been developed by the lumber industry, participated in by

producers, distributors, and consumers. Resulting from such co-opera-

tion, American Lumber Standards have been adopted and are specifically

described in Simplified Practice Recommendation No. 16 of the U.S.

Department of Commerce. These rules took effect July 1, 1924. In these

rules basic grade classifications are given with nomenclature for yard

lumber. The Central Committee on Lumber Standards has also adopted

basic provisions for structural timber grading.

The Committee has therefore interpreted its subject as the Classi-

fication of Uses of Timber and Lumber in Railway Construction under

American Lumber Standards.

To facilitate the application of these standards, the necessary parts

of the yard lumber standards and an edited arrangement of rules for

structural timber based upon the basic rules adopted have been included

in Exhibits A and B. The application of these standards to railroad

use is shown in Exhibit C.

The details of the allowable defects of structural timber grades

were worked out on the basis of the following permissible stresses in

bending in pounds per square inch in the locations indicated on recom-

mendations made by the Forest Products Laboratory:

SOUTHERN PINE AND DOUGLAS FIR

Joists and Rafters (In Dry Locations) :

Select Dense 1,750

Select 1,600

Common 1,200

Beams and Stringers

:

Dry Ordinary Damp
Inside Outside or Wet

Location Location Location

Select Dense 1,750 1,500 1,200

Select 1.600 1,400 1,100

Common 1,200 1,050 800
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Posts and Square Timhers 6" x 6" and Larger

:

Select Dense 1,300 1,200 1,000
Select 1,200 1,100 900
Common 1,000 900 750

Exhibit A

LUMBER

SIMPLIFIED PRACTICE RECOMMENDATION ON LUMBER

In accordance with the unanimous action on December 12 to 13,

1923, and April 22, 1924, of the general conferences of representatives
of manufacturers, distributors, wholesalers, retailers, and users of
lumber, and representatives of architects, engineers and general con-
tractors, the U. S. Department of Commerce, through the Bureau of
Standards, recommends that recognized nomenclature, basic grades, grade
'marking, sizes, and inspection of lumber be established as follows:*

(I) Lumber Classifications

1. For the purposes of simplification of sizes and grades, and of
equalizing, among species used for similar general purposes, the grades
of a similar name, luinhcr shall be classified by principal uses in (a) yard
lumber, (b) structural timbers, (c) shop or factory lumber.

Use Classification

2. Lumber is the product of the saw and planing mill not further
manufactured than by sawing, resawing, and passing lengthwise through
a standard planing machine, crosscut to length and matched.

3. Lumber is classified as (a) yard lumber, (b) structural timbers,

and (c) shop or factory lumber. Different grading rules may apply to

each class of lumber.
(a) Yard lumber.—Lumber that is less than 6 inches in thickness and

is intended for general building purposes. The grading of yard lumber
is based upon the use of the entire piece.

(&) Structural timbers.—Lumber that is 6 inches or over in thick-

ness and width. The grading of structural timbers is based upon the

strength of the piece and the use of the entire piece.

(c) Shop or factory lumber.—Lumber intended to be cut up for

use in further manufacture. It is graded on the basis of the percentage
of the area which will produce a limited number of cuttings of a given
minimum size and quality.

Size Classification

Yard Lumber

4. (a) Strips.—Yard lumber less than 2 inches thick and under
8 inches wide.

(b) Boards.—Yard lumber less than 2 inches thick, 8 inches or over
in width.

(c) Dimension.—All yard lumber except boards, strips, and timbers;
that is, yard lumber 2 inches and under 6 inches thick, and of any width.

(1) Planks: Yard lumber 2 inches and under 4 inches thick and 8

inches and over wide.

*In orrlcr to preserve the continuity of action, the consecutive numbering of
paragraphs is maintained as adopted by the several conferences, rather than an at-

tempt to rearrange the contents according to the subject matter.
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(2) Scantlings: Yard lumber 2 inches and under 6 inches thick
and under 8 inches wide.

(3) Heavy joists : Yard lumber 4 inches and under 6 inches thick
and 8 inches or over wide.

Structural Timbers

(d) Timbers.—Lumber 6 inches or larger in least dimension.

Manufacturing Classification

5. Manufactured lumber is classified as (a) rough, (b) surfaced,
and (c) worked.

(a) Rough lumber.—Undressed as it comes from the saw.

(b) Surfaced lumber.—Lumber that is dressed by running through
a planer. It may be surfaced on one side (SIS), two sides (S2S), one
edge (SIE), two edges (S2E) or a combination of sides and edges
(SISIE), (S2S1E), or (S1S2E) or (S4S).

(c) Worked lumber.—Lumber which has been run through a
matching machine, sticker, or molder. Worked lumber may be (1)
matched, (2) shiplapped, or (3) patterned.

(1) Matched lumber: Lumber that is edge dressed and shaped to

make a close tongue and groove joint at the edges or ends when laid

edge to edge or end to end.

(2) Shiplapped lumber: Lumber that is edge dressed to rhake a
close rabbetted or lap joint.

(3) Patterned lumber: Worked lumber that is shaped to a pat-
terned or molded form.

(II) Grade Names and Classifications

6. To the extent to which differences in quality of timber, in con-
ditions of manufacture, and in the uses to which the product is put,

will, in practical application, permit, the basic provisions for the grading
of lumber shall be uniform.

Basic Grade Classifications for Yard Lumber

7. The term "yard lumber" as here used means lumber that is

manufactured and classified into those sizes, shapes, and qualities required
for ordinary construction and general purpose uses. (Heavy timbers
for structural purposes, softwood factory lumber, hardwood factory
lumber, and other special-use materials are not considered yard stock.)

8. On the basis of quality yard lumber is divided into two main
divisions: (a) Select lumber and (&) common lumber. These are again
divided into two classes—Select lumber into (1) that suitable for natural
finishes and (2) that suitable for paint finishes. Common lumber into

(1) that which can be used without waste and (2) that which permits
some waste. Each of these four classes is further divided into quality
classes or grades.

Select Lumber

9. Lumber which is generally clear, containing defects limited both
as to size and number, and which is smoothly finished and suitable for
use as a whole for finishing purposes or other uses in which large, clear
pieces are required, shall be considered as select lumber.

10. Two classes shall be recognized. The first shall be suitable for
natural finishes. The second class permits similar defects, and, in addi-
tion, blemishes of somewhat greater extent than those of the first class,

but of a type which can be covered by paint.

Grade names: A, B, C, and D.
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Common Lumber

11. Lumber containing numerous defects and blemishes which pre-
clude it from use for finishing purposes, but which is suitable for general
utility and construction purposes, shall be considered common lumber.

12. Two general classes shall be recognized. The first shall be
suitable for use as a. whole for purposes in which surface covering or
strength is required. Defects and blemishes permitted in this class must
be sound. The second class permits very coarse defects which may cause
waste in the use of the piece.

Grade names : No. 1 Common, No. 2 Common, No. 3 Common,
No. 4 Common, and No. 5 Common.

Dimension grade names : No. 1 Common, No. 2 Common, and
No. 3 Common.

13. Summary of basic grade classifications for yard lumber

Total products of

a typical log ar-

ranged in series

according to qua!
Ity as determined
by appearance.

Lumber of good ap-
pearance and finish-

lug qualities.

Lumber containing de-
fects or blemishes
which detract from,
a finish appearance
but which is suitable
for general utility

and con.stniction
purpc'es.

Suitable for nat-
ural finishes.

Suitable for paint
finishes.

Lumber suitable
for use without'
waste.

Lumber permit-
ting waste.

Grade A—Practically free from defects.
Grade B—Allows a tew small defects or
blemishes.

Grade C—Allows a limited number of
small defects or blemishes that can be
covered with paint.

Grade D—Allows any number of defects
or blemishes which do not detract from
a finish appearance, especially when
painted.

No. 1 Common—Sound and tight knot-
ted stock. Size of defects and blem-
ishes limited. May be considered
water-tight lumber.

No. 2 Common—Allows large and coarse
defects. May bo considered grain-
tight lumber.

No. 3 Common—Allows larger and
coarser defects than No. 2 and occa-
sional knot holes.

No. 4 Common—Low quality lumber
admitting the coarsest defects such as
rot and holes.

No. 5 Common—Must hold together
under ordinary handling.

(Ill) Standard and Extra Standard Yard Lumber Sizes

14. The terms "standard board and extra standard board" and
"standard dimension and extra standard dimension" shall be the designa-
tions for 1-inch boards (yard) and 2-inch dimension (yard), respectively,

and applied to both softwoods and hardwoods.

15. Twenty-five-thirtj'-second inch, SIS or S2S (measured at stand-
and commercially dry shipping weight and moisture content for each
species), shall be the thickness for the standard yard board; 26/32 inch,

SIS or S2S, for the extra standard yard board.

16. One five-eighths inches, SIS or S2S (measured at standard com-
mercially dry shipping weight and moisture content for each species),

shall be the thickness for standard dimension not more than 12 inches

wide; lj4 inches, SIS or S2S, for extra standard dimension.

17. The finished widths of boards, dimension and finish SIE or S2E
(measured at standard commercially dry shipping weight and moisture

content for each species), shall be Y^ inch off on lumber of standard widths

less than 8 inches and yi inch off on lumber of standard widths of 8

inches and over.
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18. The thicknesses and widths of finished lumber shall be as follows

:

SUMMARY OF STANDARD AND EXTRA STANDARD SIZES FOR YARD LUMBER, SIS OR
S2S, SIE OR S2E

Finish, common boards, and dimension

[The thicknesses apply to all widths and the widths to all thicknesses]

Product
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Siding, flooring, ceiling, partition, shiplap, and dressed and matched

(The thicknesses apply to all widths and the widths to all thicknesses)

Product
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Factory flooring, heavy roofing, decking, and aheet piling

[The thicknesses apply to all widths and the widths to all thicknesses]

Size, board
measure

Thick-
ness

Inches
2

2J^
3
4

Width

Inches
4

10
12

Dressed dimensions at. standard
commercially dry shipping M^eight

and moisture content.

Thick-
ness

Inches

'2H
'25^
'3^

Face width

D. & M.

Inches

IVA

Ship-
lapped

Inches
3
5

7
9

11

Grooved
for

splines

Inches

3H

7H
9H

23. The measurement and description of the dimensions of yard
lumber shall be as follows

:

Thickness of yard lumber measured and described as

—
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(VI) Shipping and Other Provisions

25. In shipments of rough boards and finish, pieces one-half inch or
more above the count thickness, such as may be produced by uneven saw-
ing, may, at the option of the buyer, be rejected or accepted as of the next
lower grade.

26. Material shipped on stock sizes shall be tallied by the number
of pieces of each size and length in the shipment.

27. In shipments measured on board measure a piece tally in board
feet shall be made.

28. The actual thickness and width of lumber shipped when not of
standard or extra standard size shall be indicated on invoice.

29. In order to encourage the maintenance of standard and extra
standard sizes as agreed to, lumber m.anufactured and sold as standard
or extra standard, as the case may be, if grade marked, shall be marked by
an appropriate brand or insignia to indicate that it is of standard or extra
standard size.

Inspection

30. Official association inspection service for the inspecting of lumber
sold as of standard or extra standard size, and standard grade, shall be
available to nonmembers of associations, upon request and at a reasonable
charge.

31. In case of complaint on account of the grade or tally of any
shipment of standard or extra standard size or standard grade, official

association reinspection shall be available.

32. So far as it is within their power, the associations within the

lumber industry shall undertake, through association grades and inspec-

tion service, arbitration, and if practicable, through grade marking and
otherwise, to maintain for the benefit of the lumber-using public the

standards of size and basic grade names and classifications as agreed
upon and as published in the association grading and inspection rules.

Zi. Each such association shall assume responsibility for the main-
tenance in the manner herein outlined, by its individual members or
subscribers, of said size standards, basic grade classifications, and inspec-

tion standards.
Complaints

34. In cases of complaint regarding grade but not involving meas-
urement (tally), the bujer is required to accept that portion of a ship-

ment of lumber of standard grade or standard or extra standard size,

which is up to grade or of standard or extra standard size, as the case,

may be, holding intact that portion thereof, the grade or size of which
is in dispute for official association inspection ; that the action on the

part of the buyer in accepting and using such portion of the shipment
shall not be construed as his acceptance of the entire shipment ; further,

that the buyer shall pay in accordance with the terms of sale for that
portion which he accepts, but that acceptance by the buyer of a part of
a shipment does not prejudice his just claims on account of any unused
material that is alleged by him to be below standard grade or not of
standard or extra standard size. The complainant buyer shall hold dis-

puted material intact, properly protected, for not exceeding 60 days, and
shall file complaint with seller within 10 days from receipt of shipment.

De-grades

35. A shipment shall be considered as of the grade invoiced if,

upon official association reinspection under the grading and inspection
rules under which the lumber has been graded and sold, 95 per cent
thereof or more is found to be of said grade, the material below said
grade to be accepted by the buyer as of its actual grade. Where the
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de-grades are in excess of 5 per cent of the shipment, or where the
de-grades are found upon ofificial reinspection to be more than one grade
lower than the grade invoiced, the de-grades shall be the property of
the seller. These provisions shall not apply in the case of specially
worked lumber.

36. The principle of responsibility of the entire organized lumber
industry for the maintenance of agreed and published size, grade, and
inspection standards is recognized ; and for the suitable discharge of
such responsibility the Central Committee on Lumber Standards or similar
suitable agency shall be continued.

37. The associations which make grading rules and conduct lumber
inspection service shall maintain such size, grade, and inspection standards
as may have been agreed to.

(VII) Basic Provisions for Lumber Grading

39. That, pursuant to the following recommendation adopted in

general conference, Washington, December 12-13, 1923 : "That, to the
extent to which differences in quality of timber, in conditions of manu-
facture, and in the uses to which the product is put, will, in practical

application, permit, the basic provisions for the grading of yard lumber
shall be uniform," associations of manufacturers, distributors, and con-
sumers of lumber, which publish and apply girading rules for yard lumber,
shall formulate basic provisions for the grading of yard lumber and
grading rules for yard lumber, subject to report thereon by them at a
subsequent conference to be held on or about May 1, 1925, of the extent
to which they shall at that time have formulated their grades accord-
ingly, within the limits of the basic grade classifications for yard lumber,
adopted in general conference, Washington, December 12-13, 1923, and
effective July 1, 1924.

40. That such associations which, on or before July 1, 1924, shall

have filed with the Central Committee on Lumber Standards grading
rules for yard lumber formulated to conform to the basic grade classi-

fications be authorized, with the approval of the Central Committee, to

publish and apply such rules as tentative standards, and further

—

(a) That regional associations of manufacturers of lumber which
publish and apply grading rules for structural timber shall continue their

formulation of structural grades, subject to report thereon by them to

the Central Committee on Lumber Standards on or before July 1, 1924,

if possible, but not later than January 1, 1925, of the extent to which
they shall at that time have formulated such grades.

(b) That when such associations shall have agreed on the pro-

visions for structural grades they may, with the approval of the Central
Committee on Lumber Standards, publish and apply such rules as tenta-

tive standards until such time as they can be adopted as American Lumber
Standards at a further general conference at Washington.

(VIII) Odd and Short Length Lumber

41. That, with the exception of the following enumerated odd
lengths, which shall be standard, odd lengths be not considered in Amer-
ican Lumber Standards

:

2 by 4 inches, 6 and 8 inches—9 and 11 feet.

2 by 8 inches and 10 inches—13 feet.

2 by 10 inches—15 feet.

8 by 8 inches, 10 by 10 inches, 10 by 12 inches, 12 by 12 inches, 14 by
14 inches, 16 by 16 inches, 18 by 18 inches—11 and 13 feet.

6 by 16 inches, 6 by 18 inches, 8 by 16 inches, 8 by 18 inches—15

and 17 feet.
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42. (c) That a survey be made by, or under the authority of, the
Central Committee on Lumber Standards, covering the production and
uses of short lengths of lumber, and the results thereof shall be compiled
and submitted for consideration at a conference to be held on or about
May 1, 1925.

(b) That between the dates of this meeting (April 22, 1924) and
May 1, 1925, the percentages of short lengths eligible to inclusion in

shipments of random lengths remain as provided in present practice.

(IX) Bundling

43. That each length of bundle stock be bundled separately.

(X) Definitions of Defects and Blemishes; (XI) Lumber Abbrevia-

tions; (XII) Nomenclature of Commercial Species of Trees

44. (a) That, for use in the formulation of yard-lumber grading
rules and in the construction of contracts and the terms of the purchase
and sale of lumber thereunder, associations of manufacturers, distributors,

and consumers of lumber which publish and apply grading rules for yard
lumber shall before July 1, 1924, propose suitable definitions of defects
and blemishes, lumber abbreviations, and nomenclature of commercial
species of trees.

(b) That, based thereon, the Central Committee on Lumber
Standards, at a general conference to be held on or about May 1, 1925,
submit for adoption its final recommendations covering these items.

(XIII) Grade Marking

45. That the principle of grade marking of lumber is approved.
46. That on lumber when grade marked

:

(a) The grade be marked on lumber of grades equivalent to No. 4
common and better grades, and that on lower grades the grade mark
be optional.

(b) If marked at all, all pieces of a given grade be grade marked
(except that unavoidable mechanical skips are, of course, allowed).

(c) An easily branded mark or insignia, copyrighted and nationally
uniform, be used in connection with the grade mark and be available
to identify shipments from all mills of lumber manufactured in accord-
ance with American Lumber Standards.

(d) An appropriate mark symbolizing American Lumber Standards
be copyrighted and its use be available to those mills which shall have
agreed to maintain the agreed standards of size and grade and to submit
their lumber product upon complaint to official association inspection.

(XIV) Rough Dry Yard Lumber Sizes

47. That the standard rough dry thickness of the standard board
shall be not less than Si inch with an allowance of 20 per cent of the
shipment, which may be not less than 28/32 inch, and that the standard
rough dry thickness of the extra standard board shall be not less than
30/32 inch with an allowance of 10 per cent of the shipment, which may
be not less than §1 inch.

48. That the standard rough dry thickness of finish, common boards,
and dimension of standard sizes 1J4 inches and thicker, board measure,
shall be not less than ^ inch thicker than the corresponding standard
finished dry thickness, with an allowance of 20 per cent of the shipment,
which may be not less than A inch thicker than the corresponding
standard finished dry thickness.

49. That the widths of common boards, finish and dimension, rough
and commercially dry, 7 inches and narrower, shall be not more than
% inch less than the nominal widths; and that the widths 8 to 12 inches
board measure shall be not more than Va, inch less than the nominal widths.
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(XVI) Simplification of Workings

54. That the standard working of flooring, 4 inches or under in

width, be S2S, S.M., scratch back.

(XVII) Tally Cards

55. That cards be placed in cars of lumber at mill of origin, show-
ing piece tally by grades and sizes : Provided, That wholesale dealer,

or other buyer or shipper, may, by arrangement with mill of origin,

provide for use, for this purpose, of wholesaler's or buyer's or shipper's

car card : Provided, That in such case said wholesaler, buyer, or shipper

whose name appears on card is financially responsible for the correctness

of the tally as shown on such car card : And provided, That this shall not

be construed as relieving the manufacturer from his responsibility, if

any, to such wholesaler, buyer, or shipper.

56. That the grades thus required to be entered on tally card be

the official association grades as defined in published grading rules

:

Provided, That this requirement is not construed as prohibiting the entry

on tally cards of special grades, but that such entry is not recognized
under American Lumber Standards.

57. That the American Lumber Standards be understood as not
applying to "special" grades (that is, not recognized in published grading
rules) whether entered on tally cards or not.

(XVIII) Shipping Provisions

58. That the average length of a shipment of lumber shall be com-
puted by dividing the total length in feet by the total number of pieces

in a shipment.
59. That in material measured with a board rule on actual widths,

pieces measuring to the even half foot shall be alternately counted as

of the next higher and lower foot count ; fractions below the one-half

foot shall be dropped and fractions above the one-half foot shall be
counted as of the next higher foot.

60. That material shall be considered vertical grain when the rings

(so-called grain) form an angle of 45° or more with the surface of the

piece. When the angle becomes less than 45° at any point, the material

shall be known as flat (slash) grain.

(XIX) Shingles

61. That the basic grades of shingles shall be A, B, C, and D.
62. That the specifications of 24, 18, and 16 inch red cedar shingles

shall be as shown in attached tabular form.
63. That 16-inch 6/2 shingles and 18-inch 5/2 shingles be eliminated.

64. That kiln-dried weight of shingles be not more than 10 per cent

under the present association shipping weights.

65. That the openings shall not exceed an average of 1 inch to the

course in random-width shingles.

66. That dimension shingles shall be sold full net count, no dimen-
sion shingle to be less than Y^ inch scant of the specified width when
dried.

All A and B grade shingles must be parallel (a 16 or 18 inch

A or B shingle not over ^4 inch off parallel or a 24 inch A shingle not

over Y^ inch off parallel shall be considered parallel), uniform in thick-

ness, and well manufactured. This means shims and feather tips are

not permitted ; smoothness of faces and butts must be first class. Badly
cross-grained shingles not permitted.

No full flat-grain shingle wider than 10 inches permitted in grade
B, and no shingle wider than 14 inches permitted in A and B grades;
1 inch over and under in length is permitted in 10 per cent. Shingles
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cut from equalized blocks may be ^ inch less than the standard length.

C grade admits slight irregularities in thickness. A shingle in C grade,
not over ^ inch off parallel, shall be considered parallel.

Where reference is made to edge grain, percentage of edge grain
shall be determined by the proportion of actual lineal measurement of
edge grain to full lineal measurement of shingles.

In 16 and 18 inch A and B grades not more than 10 per cent of any
shipment may be less than 4 inches in width.

All shingles to be packed in straight courses in regulation frames
20 inches in width with band sticks not less than 19^ inches long.

Openings shall not exceed an average of 1 inch to the course in random
width shingles.

Discrepancy in inspection in any grade shall not exceed 4 per cent.

(XX) Inspection Service

67. That the formulation of regulations for the conduct of inspec-
tion to secure the application of the grading rules published by lumber
associations, and the administration, supervision, and conduct of inspec-
tion service be exclusively by the lumber industry, and (or) lumber
consumers (that is, by the agencies of the lumber trade, and (or) lumber
consumers, and not by or under the authority, auspices, or direction of
any Government agency or agencies).

68. That nationally administered association lumber inspection, in

the sense of a national service to replace the existing services of regional
and other associations, is not now practicable.

69. That each association shall undertake to reinspect lumber for
its members, and for nonmembers upon request.

70. That all grading shall be done by properly supervised and quali-

fied graders or inspectors.

71. That official association inspection service shall not be required
to be furnished for the inspection of "special" grades of lumber (that is,

not recognized in published grading rules), and that inspection service
for "special" grades shall be furnished only when the exact specifications

of such grades in writing are furnished to the inspector.

12. That where buyers demand, and will pay the cost thereof, a
certificate made by a certified association inspector shall be furnished
with each shipment so arranged for.

IZ. That upon receipt of complaint from the purchaser the seller

shall immediately request the association under whose rules shipment
has been made to provide official reinspection or remeasurement, as the
case may be, according to its inspection rules in effect at the time of
execution of contract ; and that the purchaser shall lend all reasonable
assistance to facilitate the reinspection or remeasurement.

74. That the expense of such reinspection or remeasurement may
be divided between the buyer and seller, or may be borne by either,

according to agreement between them, but the person calling for the
reinspection shall be responsible to the association for the costs thereof.

75. That there be created by the lumber manufacturers a central
bureau, to promote uniformity and the maintenance of high standards
of grading and inspection of yard lumber.

76. That each manufacturers' association publishing yard lumber
grading rules and conducting inspection service shall furnish to such
central bureau complete information descriptive of the plan of operation
and continuous regular reports of its inspection department.

n. That in order to simplify, coordinate, and, so far as practicable,
unify the methods of inspection, each such association shall be furnished
by such central bureau the plan of operation and the record of perform-
ance of the inspection service of each other association.
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78. That, in pursuance o£ national responsibility of the lumber
industry for the maintenance of agreed American Lumber Standards,

if, after original association inspection, reinspection, and if necessary

after reinspection, a report thereon of the chief inspector, any complaint
involving agreed and published standards of lumber size, or grade, or

inspection shall not have been settled, the National Lumber Manufac-
turers Association, by agreement or upon request, will represent the

manufacturing shipper in arrangement for arbitration.

79. That the National Lumber Manufacturers Association repre-

sent, by agreement, the subscribing regional associations of lumber manu-
facturers, and other associations of or representing lumber manufacturers,
upon request, in matters involving the administration of inspection and
the maintenance of the agreed standards of lumber size and lumber grade
designated as American Lumber Standards.

80. That American Lumber Standards be construed to include

standards of size, standards of grade, and agreement to submit to official

association inspection any complaint involving either standard sizes or

standard grades.
81. That all sales contracts incorporate the following phrase: "All

material supplied under this contract shall be in accordance with the

American Lumber Standards as adopted by lumber producers, distrib-

utors, and users, and specifically described in Simplified Practice Recom-
mendation No. 16 of the U. S. Department of Commerce."

These recommendations are to become effective on July 1, 1924.

Exhibit B

GENERAL RULES FOR STRUCTURAL GRADING

1. Lumber and timbers for structural use are divided into two main

divisions—Select and Common.
2. The two main divisions are again divided into three use

divisions

:

Joists and Rafters
Beams and Stringers
Posts and Square Timbers

Note.

Yard Lumber: Lumber that is less than six inches in

thickness and is intended for general building purposes.

The grading of yard lumber is based upon the use of the

entire piece.

Structural Timbers : Lumber that is six inches or over
in thickness and width. The grading of structural timbers
is based upon the strength of the piece and the use of
the entire piece.

3. Joists thicker than four inches should be graded for strength as

beams and stringers.

4. All structural grades shall contain only sound wood unless decay

is specifically permitted.

5. Medium rate of growth—i. e., not less than six nor more than

twenty rings of annual growth—is required in all grades of Douglas Fir

and Southern Pine of the select class, measured over the same portion

of the cross-section as prescribed in the Forest Service rules for the

measurement of density of these species.
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6. Medium rate of growth may also be required by customer or

offered in grades of the common class of Douglas Fir or Southern Pine.

7. Dense material may be specified by customer or offered in either

the select or common classes of Douglas Fir or Southern Pine. Density

should be measured in accordance with the Forest Service rules for

measuring density in these species.

8. Heartwood requirement where durability under exposure is a

factor may be required by customer or offered for specific uses, accord-

ing to exposure and species.

9. Sapwood requirement, where material is to be given preservative

treatment, should be required or provided according to use, treatment,

and species.

10.
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Sapwood.

16. Unless otherwise specified any amount of sapwood is admitted

in all grades. Heartwood and sapwood are of equal strength, and no

requirement or limitation need be placed where strength alone is the

governing factor.

Holes.

17. Dog, picaroon, bird, insect, and rafting-pin holes shall be limited

for each grade in the same manner as knot holes.

Other Defects.

18. Defects other than knots, knot holes, decay, shakes, checks,

splits, and cross grain are omitted from these rules as they are limited

ordinarily by considerations other than strength and should be restricted

when necessity requires by application of standard yard lumber rules

to faces.

STRUCTURAL GRADE EXAMPLES

Classes ;

Sub-Divisions :

Select
Common

Joists and Rafters
Beams and Stringers
Posts and Square Timbers

Note.—Sizes of knots given are for actual widths of faces. When
actual widths of faces are less than nominal sizes, due to

surfacing or shrinkage in seasoning, sizes of knots must be
reduced proportionately.

JOISTS AND RAFTERS—4" AND LESS IN THICKNESS
Select
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there be two of the maximum allowable knots in the same six inches of
height on any one face.

and Gbeen: 4/10 Width of End J^ Width of End
Checks Seasoned : ^ Width of End 6/10 Width of End
Angle of
Grain 1 in 10 1 in 8
Wane Vs Width of Face ^ Width of Face

Exhibit C

1. Bridge and Construction Timber.

A. Combination and Howe Truss
Spans

1. Compression members
2. Tension
3. Diagonals subject to re-

versal of stress

4. Floor Beams
5. Stringers
6. Ties
7. Guard Timbers
8. Railing
9. Stiffeners

10. Splices

11. Nailing Strips
12. Grillage
13. Deck Plank
14. Bridging

B. Pile and Frame Trestles.

1.
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2. Frame Buildings.

A. Station Buildings, Passenger,

Freight, Platform Shelters.

1. Caps
2. Sills

3. Posts
4. Stringers
5. Joists

6. Bridging
7. Sub-Flooring

8. Finish Flooring

9. Studding and Plates

10. Sheathing
11. Furring
12. Siding

13.

14.

15.

16.

17.

18. ind

19.

20.

21.

22.

Ceiling

Truss Timbers
Purlins
Rafters
Roof Boards
Shingles on Roofs
Side Walls
Door and Window Frames
Outside Finish Lumber

Inside Finish Lumber

Millwork

a. Mouldings

b. Stairs

23. Partitions

24. Shelving

B. Engine House.

1. Caps
2. Sills

3. Posts
4. Stringers
5. Joists

6. Bridging
7. Flooring
8. Pit Timbers
9. Studding

10. Furring
11. Siding
12. Ceiling
13. Truss Lumber
14. Purlins
15. Rafters
16. Roof Boards
17. Shingles
18. Door and Window Frames
19. Outside Finish Lumber
20. Inside Finish Lumber
21. Millwork.
22. Sleepers

American Lumber Standards
Grades Recommended for Use

Common Structural
Common Structural
Common Structural
Select Structural
Select Structural
No. 3 Common Boards
No. 2 Common Boards Shiplapped
5 A or B Select for Natural Finish

i C or D Select for Paint Finishes
No. 1 Common Dimension
No. 2 Common Boards Shiplapped
No. 2 Common Strips

B or C Select Siding

I
B Select for Natural Finishes

\ C Select for Paint Finishes
No. 1 Common Dimension
No. 1 Common Dimension
No. 1 Common Dimension
No. 2 Common Boards Shiplapped
C A for roofs

I B for Side Walls
C Select

C Select

f A or B Select for Natural Finishes
/ C or D Select for Paint Finishes

i A Select

C Select
A Select

C Select

I B Select or

1 C Select

C Select

Common Structural
Common Structural
Common Structural
Select Structural
Select Structural
No. 3 Common Boards
No. 1 Common Dimension
Common Structural
No. 1 Common Dimension
No. 2 Common Strips

C or D Select Siding
C Select
No. 1

No. 1

No. 1

No. 2

A
C Select

C or D Select

C Select

C Select

No. 2 Common Dimension

Common Dimension
Common Dimension
Common Dimension
Common Boards Shiplapped
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C. Machine Shops. American Lumber Standards
Grades Recommended for Use

1.
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B. Platforms—Continued.

8. Railing
9. Steps

10. Skids

C. Stock Guards.

1. Posts •

2. Ties
3. Wing Fences and Aprons
4. Slats

5. Fillers

D. Signs and Posts.

Posts
Bracing
Sign Boards
Moulding

American Lumber Standards
Grades Recommended for Use

No. 1 Common Dimension
No. 1 Common Boards
No. 1 Common Dimension

No. 1 Common Dimension
Select Structural
No. 1 Common Boards
No. 1 Common Boards
No. 2 Common Boards

No. 1 Common Dimension
No. 2 Common Dimension
C Select

C Select

E. Fencing, Including Snow Fence.

1. Posts
2. Bracing
3. Stringers
4. Fence Boards
5. Gate Materials
6. Stakes

F. Culverts and Drains.

1. Sills

2. Bracing
3. Timbers
4. Planking
5. Grillage

G. Stock Pens.

1. Posts
2. Sills

3. Fencing
4. Studding
5. Sheathing
6. Rafters
7. Roof Boards
8. Shingles
9. Outside Finish Lumber

H. Poles.

L Conduits.

J. Bumping Blocks.

No.
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Appendix D

RELATIVE MERITS OF OPEN AND BALLAST DECK TIMBER
TRESTLES

G. C. Tuthill, Chairman, Sub.Committee ; O. C. Badger, W. J. Gooding,

E. M. Grime, H. T. Hazen, C. S. Heritage, G. W. Rear, D. W. Smith,

J. T. Vitt.

In the Proceedings of the Association, Volume 18, pages 576-581,

is an extensive and comprehensive discussion of the Comparative Merits

of Ballast Deck and Reinforced Concrete Trestles, containing many com-

parisons which seem quite readily applied to the subject under con-

sideration.

It seems natural to think of the open deck as constructed of untreated

timber and the ballast deck of treated timber. Renewal of a ballast deck

trestle under traffic entails such expense that it is desirable to lengthen

the interval between renewals as much as possible. In the case of open

deck construction, renewal under traffic being comparatively easy, there

is not quite the same inducement for the use of treated material. Viewed

in this light, the advantage, if any, accruing to the ballast deck structure

would be due primarily to its longer life, and the same advantage would

be found in the use of treated material as against untreated in either

type.

The Committee is therefore of the opinion that an analysis of the

matter should be made without assumption as to the kind of material

to be used in either type—i. e., to be so general and universally applicable

as to render it most useful to our members, the comparison should be

made between the two types if both are constructed of treated timber

or if both are constructed of untreated.

Fire Hazard.

Referring to Volume 23, page 725, Proceedings of the Association,

in the report of the Sub-Committee on Fire Prevention it develops that

a large majority of trestle fires originated from hot coals dropping from

locomotive ashpans and lodging among timbers of open deck trestles.

The Sub-Committee recommended that "the best means of combatting

the fire hazard was to build ballast deck instead of open deck trestles."

A covering of sheet iron on open decks is a fire protection, but not as

efifective as ballast. Sheet iron may, in extreme cases, become a hazard

due to corrosion or through becoming loose with upturned edges in

which hot coals might be retained. The ballast deck also offers greater

resistance than the open deck to fires originating at the ground from

grass or rubbish. A ballast deck at least retards such fires so much

that sometimes it is possible for them to be extinguished before the

trestle is destroyed, and in other instances it has stopped the fire before

the timber was damaged enough to seriously affect its strength.
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The hazard of fire loss and damage is so remote in the ballast deck

that some roads do not find it profitable or expedient to carry insurance

on this type of trestle, thus showing a direct monetary saving aside from

the indirect advantage inherent in the assurance against interruption in

continuity of service.

Renewals.

Renewal of the open deck trestle is somewhat less expensive under

traffic than the ballast deck, but this is partially compensated for by the

longer life of the latter in most locations whether constructed of treated

or untreated material. Notwithstanding the ballast deck is more difficult

of inspection, yet failure of an individual member is less cause for

alarm because of wider distribution of load over a greater number of

members.

Maintenance.

Ballast deck trestles require little or no repairs for many years,

whereas open decks require more or less constant attention.

The maintenance of track is much simpler on ballast deck than open

decks. Any slight surfacing or alignment can be done by track laborers

without the necessity for bridge carpenters. On curved track this is

especially applicable. The maintenance of the track on ballast deck

trestles is thus transferred from bridgemen to trackmen, and is a transfer

of responsibility. Trackmen are frequently over their territory and can

correct slight irregularities of alignment or surface more quickly than

bridgemen who as a rule do not make daily trips over the bridges. The
damage to the structure in case of a minor derailment will be less on a

ballast deck than on an open deck.

The problem of correct spacing of joint ties on the open deck trestle

is entirely eliminated with the ballast deck, and the difficulty of creeping

rail can be met in the ballast deck in a manner not possible with the

open deck.

Appearance.

The ballast deck has a better and safer appearance. The track

structure is unchanged in appearance, and the presence of a bridge is

not as noticeable as with the open deck. A safe appearance more than

anything else contributes to a sense of security, and such a feeling on

the part of both public and employes is a distinct benefit even though

it cannot be definitely capitalized. A similar factor of superiority is to

be found in the sound-deadening qualities of the ballast deck.

Riding Qualities.

The track will ride better because ordinarily there will be no change

in its surface in approaching or leaving the structure. Where the open

deck construction is used and the track on the bridge is not maintained

by trackmen it is usually the case that despite constant attention the
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embankments next the dump bents become low, leaving a slight hump
in the track at the end of the bridge. This hump or depression is

partly due to the change in character of the track structure, and is almost
entirely eliminated by the ballast deck. Moreover, the greater rigidity

and mass of the ballast structure do not permit of so ready a yielding

to impact due to its inertia and the cushioning effect of the ballast. Thus
will mid-span deflection be a minimum under high speed trains. Though
intangible, this must have a beneficial effect on rolling stock, for the

ultimate desideratum is that the track be uniformly resistant throughout

its length.

General.

Given a design for each type, live load stresses being equal, a mate-

rial increase in weight of equipment will overstress a ballast deck less

than an open deck. The live load is a smaller percentage of the total

load, and track stresses resulting from live loads are more generally

distributed through the ballast to the members of the structure than is

possible in an open deck.

Summarizing the foregoing, some of the intangible advantages of the

ballast deck trestle may be restated as follows

:

Fire protection, reflected in reduction in insurance

premiums and continuity of service.

Appearance, reflected in passenger patronage.

Riding qualities, reflected in passenger patronage and

maintenance of equipment.

Elimination of certain track problems, at times difficult if

not impossible to overcome with the open deck.

Longer service life, due to greater load carrying capacity

resulting from less disproportion of Hve and dead

loads.

Relative Economy.

The relative ultimate economy of the two types of timber trestles

will depend upon first cost, length of serviceable life, and cost of main-

tenance.

The first cost of the ballast deck trestle is greater than the open

deck. A comparative statement of the investment cost and maintenance

cost of the two types of trestles would be evidence of their relative

ultimate economy. Any estimated cost of either type would reflect local

or regional conditions as costs vary widely due to geographical location.

The years of serviceable life of timber trestles vary in different

territories and also depend on kind of timber used. The average life

of an open deck trestle of untreated timber we believe to be from eight

to twelve years in the central and eastern regions, and longer in the

western region. The life of either a treated timber open or ballast deck

trestle should anywhere be at least twenty-five years, and we believe

more.
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Maintenance costs will vary with locality, volume and character of

traffic, and physical conditions. Annual cost of maintenance of the open

deck type is usually known for any road, but the maintenance cost of

the ballast deck is not so well established. The form of comparison

must therefore permit of variously assigned values, and may be stated

mathematically as follows

:

O = Original cost open deck
o =: Annual maintenance cost open deck
o' =z Annual investment cost open deck
B = Original cost ballast deck
b = Annual maintenance cost ballast deck
b' = Annual investment cost ballast deck
r = Annual rate of interest on investment
L = Serviceable life in years
k = Ratio of original cost of ballast deck to that of

open deck—i. e., B= kO and b' = ko'

For equal ultimate economy:

o + o' = b + b' or o— b= b'— o'
(1)

Since b ' = ko', equation (1) may be written: o— b = o' (k— 1) (2)

Notwithstanding the slightly increased difficulty of inspection and in

effecting repairs of the ballast deck, experience shows that the cost of

maintenance and inspection of the open deck is several times greater,

and while the intangible elements of advantage inherent in the ballast

deck are manifestly of sufficient value to greatly overbalance its annual

maintenance cost, the b in equations (1) and (2) can be neglected and

the equations written as expressing the maximum of conservatism in

favoring ballast deck, thus

:

o= b'—o'
(3)

o = o'(k— 1) (4)

In this, k is a constant and can be determined by the ratio of the

original costs, and o' is a variable depending on original cost and length

of life of the open deck structure.

L
Or 1 (1+r)

o' = Or + = Or (1 -] ) = Or
L L L

(l + r)-l ( (l + r)-l ) (l + r)-l
( )

(5)

The above analysis is equivalent to saying, "When the annual cost

of maintenance of the open deck trestle equals or exceeds the excess

of annual investment cost of the ballast deck over the annual investment

cost of the open deck, it is economy to adopt the ballast deck."

The Committee is of the opinion that the inherent advantages of the

ballast deck structure not susceptible of mathematical computation are

so far-reaching in their effect that the foregoing criterion for relative

economy gives to the open deck unwarranted benefit of doubt, and that

if the difference in annual investment cost of the two types even exceeds
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moderately the annual maintenance cost of the open deck type, the ballast

deck type is the more economical. Intrinsically, it is decidedly the

superior.

Original cost, and hence annual investment cost, of a trestle varies

so greatly with the height and spacing of bents that no general relation

of cost as between types can be stated. Moreover, since the annual cost

of maintenance varies similarly with localities and conditions, it is

obvious that the Committee cannot definitely assign or assume arithmetical

values for any of the variables in the foregoing equations even for the

designs adopted as recommended practice by the Association. But in

order to assist in the consideration of each individual case, as must be

done in any event, it has compiled diagrams in two different forms,

giving the annual investment cost of a number of structures of variable

life expectancy and original cost. Keeping in mind the many advantages

of the ballast deck type not susceptible to monetary equation, the differ-

ence in annual investment cost of two structures with the same or

different length of life and different original cost, read directly from

either diagram and compared with the annual cost of maintenance of

the open deck type, should enable a decision to be made as between

the two.

Conclusions

Through its investigation and analysis of the matter, the Committee

concludes as follows:

1. The open deck trestle has the advantage of the ballast deck in

lower original cost, greater adaptability in temporary or emergency in-

stallations, and lower costs in effecting renewals under traffic.

2. The principal advantages of the ballast deck trestle when com-

pared with the open deck type are:

Better protection against loss and damage and interrup-

tion in train service due to fire.

Superior track riding qualities.

More satisfactory and safer appearance.

Greater serviceability and better performance when sub-

jected to overload.

Vastly less expensive to maintain.

3. Because of the impossibility of segregating from operating ex-

pense accounts or allocating in operating revenue definite amounts

resulting from the use of either type of structure, the true relative

economy is not susceptible of mathematical demonstration.

4. As a safeguard against serious error in adopting either type in

any individual case, the following rule can be relied upon for con-

servatism :

"If the difference between the annual investment cost of

the two types equals or only slightly exceeds the annual

cost of maintenance of the open deck type, the ballast

deck type will be the more economical."
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Appendix E

OUTLINE OF WORK FOR THE ENSUING YEAR

D. W. Smith, Chairman, Sub-Committee
; J. B. Maddock, H. T. Hazen,

C. J. Hogue.

Final reports are being returned on all the subjects assigned to the

Committee for this year's work. Notwithstanding the recommended
action of adopting American Lumber Standards as the timber and lumber

specifications of this Association and their substitution for those now
appearing in the Manual, it is apparent that the work of still further

simplification of grades, classifications, and sizes should be currently

continued—hence an assignment of co-operation on the part of the Asso-

ciation appears below.

Suggestions for future work are as follows

:

1. Value of treated timber in wooden bridges and trestles.

2. Continue work of co-operation and collaboration with

other committees of authority in simplification of

grading rules and classification of timber and lumber

for railway uses.

3. Study and report on best methods* of maintaining at

a minimum consistent with economy the quantity and

multiplicity of sizes of lumber and timber carried in

railway stock.
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Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report on the subjects

assigned, as follows

:

(1) Revision of Manual. (Appendix A.)

(2) Detail Plans of Switches and Frogs, Crossings, etc. (Ap-

pendix B.)

(3) Specifications and Design of Wooden Handles for Track Tools.

(Progress—no report this year.)

(4) The Effect of Brine Drippings on Track Appliances and Tests

of Tie Plates subject to Brine Drippings. (Progress—no report this

year.)

(5) The Canting of Rail Inward and the Taper of the Tread of

Wheels, conferring with Committee on Rail and with Committee E,

Division V, Mechanical, A.R.A. (Appendix C.)

(6) Methods of Determining Recommendations for Rail Renewals.

(Progress—no report this year.)

(7) The Resawing and Reconditioning of Rails for Relaying and

the Building Up of Battered Rail Ends in the Track, conferring with

Rail Committee. (Appendix D.)

(8) Plans of Tie Plates. (Progress—no report this year.)

(9) Collaborate with Rail Committee on Cause and Prevention of

Rail Battering, with discussions as to Principles of Rail Joint Design.

(Progress—no report this year.)

(10) Track Construction in Paved Streets and Highways. (Ap-

pendix E.)

(11) The Value of Nutlocks for Rail Joints, with special reference

to Heat Treated Bolts of Large Diameter. (Progress—no report this

year.)

(12) Outline of Work for Ensuing Year. (The Committee's

recommendations are given under "Recommendations for Future

Work.")

Bulletin 273, January, 192S.
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Committee Meetings

Meetings of the Committee were held June 16th in Chicago; Septem-

ber 15th in New York, and on November 10th and 11th in Chicago.

Action Recommended

1. That the changes in the Manual in Appendix A be approved and

the revised version substituted for the present recommendations in the

Manual.

2. That certain plans and specifications in Appendix B be adopted

as recommended practice and published in the Manual.

3. That certain plans in Appendix B be accepted as information,

and that the conclusions in Appendices C, D and E be approved for

publication in the Manual or accepted as information as recommended

in the individual reports.

Recommendations for Future Work

(1) Revision of the Manual.

(2) Detail plans of Switches and Frogs, Crossings and SHp

Switches, including as a new topic plans of flange or self-guarded frogs,

conferring with Committee on Signals and Interlocking.

(3) Specifications and design of wooden handles for track tools.

(4) Continue investigation of the effect of brine drippings on track

appliances and tests of tie plates subject to brine drippings.

(6) Continue investigation methods of determining recommendations

for rail renewals.

(8) Continue subject plans of tie plates.

(9) Continue collaboration with Rail Committee on cause and pre-

vention of rail battering, with discussion as to principles of rail joint

design.

(10) Continue subject of track construction in paved streets. (It

is recommended also that consideration in next year's work be given to

specifications for girder rail, either by this Sub-Committee or some other

committee.)

(11) Continue investigation of value of nutlocks for rail joints,

with special reference to heat treated bolts of large diameter.

(12) Outline of work for ensuing year.

It is the Committee's idea that no additional work should be under-

taken until some of the subjects above are completed. The reports on:

No. 5—Canting rail inward and taper of tread of wheels.

No. 7—Resawing and reconditioning of rails for relaying and building

up battered rail ends in track; being final, these subjects are to be dis-

continued next year.

Respectfully submitted,

The Committee on Track,

W. P. WiLTSEE, Chairman.
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Appendix A

(1) REVISION OF MANUAL

W. P. Wiltsee, Chairman, Sub-Committee.

The Committee recommends the following changes in the Manual
and to adopted plans.

Substitute the following subject-matter and table for subject-matter

and table having reference to Temperature Expansion for Laying Rails

on first half of page 194 in 1921 Manual.

Temperature Expansion for Laying Rails

When laying rails their temperature should be taken by applying a

thermometer. To allow for expansion, openings between the ends of

rails- should be as follows

:

Temperature of
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Further, it is customary to specify or indicate countersunk
rivets to be chipped and ground flush where fitting re-

quires this finish, and it is not the intent of these speci-

fications that rivets on the bottom of base or tie plates

be chipped or ground.

Revise plans. No. 602 and No. 603, adopted March, 1920, of No. 7

and No. 8 Railbound Manganese Steel Frogs, as follow^s:

Change bolt spacing in heel extension to read

:

S"-5"-6"~5"
'

instead of 5"-5"-5j^"-5^".

Also change the 214" dimension to 2" in partial plan view
in lower right hand corner of plan just to the left of the

title.

Explanation.—These changes are necessary as with
frogs of heavy rail and large size bolts the nuts inter-

fere with the end of the wing rails where they are
beveled when present dimensions are used.

Revise plans of

:

Bolted Rigid Frogs, adopted
March, 1920 Nos. 301, 302, 303, 304, 306 and 307

Clamp Frogs, adopted March,
1921 Nos. 331, 332, 333 and 334

Spring Rail Frogs, adopted March,
1920 Nos. 401, 402, 403

Spring Rail Frogs, adopted March,
1924 No. 404

Railbound Manganese Steel Frogs,
adopted March, 1920 Nos. 601, 602, 603, 604, 605, 606 and 607

Change foot guard note under specifications reading,

"Additional foot guards to be furnished when so speci-

fied," to read

:

"Additional foot guarding to that shown in plan view to

be furnished when so specified."

Explanation.—Separate detail of foot guards are

shown on these plans, which was intended only for addi-
tional foot guarding, and this change is necessary to

clarify the meaning of the note.
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Appendix B

(2) DETAIL PLANS OF SWITCHES AND FROGS, CROSS-
INGS AND DOUBLE SLIP SWITCHES

J. V. Neubert, Chairman, Sub-Committee.

Bolted Rail Crossings, Steam Railroad over Electric Railway.

Plans of Bolted Rail Crossings, Steam Railroad over Electric Rail-

way, No. 716, angles 90 to 50 deg., inclusive, and No. 717, angles below

50 to 30 deg., inclusive, are offered for adoption as recommended practice.

These plans were prepared in conference with the Standardization Com-
mittee of the Manganese Track Society and with the Committee on

Signals and Interlocking. Details for steam railroad tracks conform to

plans No. 701 and No. 703 of bolted rail crossings for steam over steam

tracks, adopted March, 1922. Details for electric railway tracks have

been prepared in conference with the Wciy Committee of the American

Electric Railway Engineering Association, and the design shown on plan

No. 716 was completed in time for presenting to the American Electric

Railway Association at its annual convention Oct. 6th to 10th last, and

was then adopted by them as recommended practice. Plan No. 717,

prepared later, is the same design, but for lower angles.

Solid Manganese Crossings, Steam Railroad over Steam.

Plan of Solid Manganese Steel Crossings, angles below 40 to 30 deg.,

inclusive. No. IIZ, is offered for adoption as recommended practice.

Details conform to plan No. 772 of solid manganese steel crossings,

adopted March, 1924, in so far as details for angles below 40 deg. could

be applied. Instead of duplicating sections shown on plan No. 772 they

are covered by references and notes. This plan also was considered in

conference with the M.T.S. Standardization Committee and the Com-
mittee on Signals and Interlocking.

The Committee reports progress on plans of solid manganese cross-

ings for angles below 30 deg. It is hoped these plans will be completed

for presentation next year.

Alternate Plan to Supplement Plan No. 771.

Plan No. 771-B, showing alternate designs No. 2 and No. 3 for solid

manganese steel crossings, angles 90 to 60 deg., inclusive, is offered for

information to invite criticism. Both of these designs conform to con-

struction in quite extensive use on a number of the larger railroads. A
majority of the members of the M.T.S. Standardization Committee recom-

mend construction as shown in plan No. 771 in preference to construction

in alternate plan No. 771-B, which necessitates longer arm lengths. Plan

No. 771-B details recommendations as to standard arm lengths and other

details where cither of these two designs of construction is specified.
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Methods of Designating Compromise Joints and Compromise Rails.

Plans No. 700-B, compromise joints, and No. 700-C, compromise

rails are offered for adoption as recommended practice. These plans have

been prepared in conference with the M.T.S. Standardization Committee

and with the manufacturers of compromise joints and compromise rails.

The Committee considered the several methods which have been used

for designating compromise joints and rails as "right hand" and "left

hand" and found some serious objections to the practice.

As there is no self-evident point from which to observe the joint in

determining the "hand," as there is in other track fixtures, such as frogs,

switches, etc., it becomes necessary to define the point of observation by

reference to the characteristics of the rails to be connected. Whether the

characteristic selected was the height, width of head, weight or manu-

facturer, it immediately became necessary to provide for exceptions where

two or more of the characteristics were identical.

There was no agreement among the various users of these methods

as to the primary characteristic to be used nor as to the provision for

the exceptions, and much confusion was thereby caused-

The Committee, therefore, recommended for adoption the method

shown and illustrated on the plans, which entirely eliminates the desig-

nation of "right-hand" and "left-hand" and is a universal rule to which

there are no exceptions.

The point of observation is simply determined to be the center of

the track and the observer writes the rail sections from left to right,

as in reading a book, without regard to their characteristics. -

The plans are prepared as "Data and Record Sheets" so that they

may be used to indicate the various detail dimensions which the pur-

chaser may wish to specify for the manufacturer's guidance.

The information indicated by blanks must be given in all cases

either by a written specification or the use of the plans as above suggested.

Details for Split Switch Point Derail.

Plan No. 213, Details for Split Switch Point Derail, is oflfered as

information to invite criticism.

The Committee has conferred with a number of the larger railroads

as well as with the manufacturers in the matter of derail switch installa-

tions and has found that the arrangement for stock rail and provisions

for guard rails are not at all uniform, being largely fixed by local condi-

tions and local laws. References on the plan make provisions for utilizing

A.R.E.A. switch points and fixtures that have been adopted as standard.

Diagram of Double Slip Switch Showing Names of Parts.

Plan No. 890, diagram of Double Slip Switch showing Names of

Parts, is ofifered for adoption as recommended practice. This plan was

prepared in line with standard plans No. 190, 191, 390, 391, 490, 590, 690,

691, giving names of parts of other fixtures.
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Review of Present Standards.

Plan No. 309, presented as information March, 1921, shows 5 in.

dimensions between the two bolts through the heel riser block. This

dimension should be omitted, as it should, properly, vary with rails of

different width heads. This plan having been received as information

only the correction need not be made in the Manual ; but reference should

be made to the correction as a supplement to the plan.

Reference should also be made to recommended change in foot guard

note under specifications, to read : "Additional foot guarding to that

shown in plan view to be furnished when so specified." This change also

applies to plan No. 608, received as information March, 1921.

Conclusions

The Committee recommends that the following plans be adopted as

recommended practice and printed in the Manual

:

No. 716, dated Nov., 1924, Bolted Rail Crossings, steam railroad over

electric railway, angles 90 to 50 deg., inclusive.

No. 717, dated Nov., 1924, Bolted Rail Crossings, steam railroad over

electric railway, angles below SO deg. to 30 deg., inclusive.

No. nZ, dated Nov., 1924, Solid Manganese Steel Crossings, angles below

40 to 30 deg., inclusive.

No. 700-B, dated Nov., 1924, Compromise Joints.

No. 700-C, dated Nov., 1924, Compromise Rails.

No. 890, dated Nov., 1924, Diagram of Double Slip Switch showing names

of parts.

The Committee also offers for information to invite criticism the

following plans

:

No. 771-B, dated Nov., 1924, Solid Manganese Steel Crossings, angles 90

to 60 deg., inclusive. Design No. 2 and Design No. 3, alternates for

design detailed on Plan No. 771.

No. 213, dated Nov., 1924, Details for Split Switch Point Derail.
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Appendix C

(5) CANTING OF THE RAIL INWARD AND TAPER OF
TREAD OF WHEEL

C. R. Harding, Chairman, Sub-Committee.

A questionnaire was prepared and sent out to determine the current

practice in regard to the canting of rail. The questions asked were

:

1. Name of railroad.

2. Name of officer answering questions.

3. Do you lay rails canted

:

(a) Experimentally?
(b) As a standard?
(c) For what weights of rail?

(d) How long has canting been standard?
(e) What amount of cant is used?

4. What do you consider the principal advantages derived from cant-

ing of rails?

5. When you cant rails do you make any special provisions through
switches?

6. If you cant rails, have you experienced any special difficulty at

switches ?

7. If you do not cant rails, but did do so or considered doing so,

what was your reason for rejecting the practice?

8. Do you contemplate any change in your present practice as to

canting rails or laying them vertically?

Sixty-seven railroads replied and a brief of each answer follows:

Algoma Central.

Have been canting on curves as standard 8S-lb. rail 1 in 20 for two
years. Causes uniform rail head wear on curves.

Atchison, Topeka & Santa Fe Railway System,

Experimentally canting rails 1 in 20. Places web of rail more nearly

parallel with direction of loads received. Economy in design of tie plate.

Gives more central contact between new rail and new wheel tread. Giving
consideration to changing standard practice to canting.

Atlanta, Birmingham & Atlantic.

Do not cant rails.

Atlantic Coast Line.

Do not cant rails.

Baltimore & Ohio.

Have been canting as standard 130-lb. rail 1 in 20 for three years.

Causes uniform rail wear. Maintains gauge.

Belt Railway Company of Chicago.

Have been canting as standard 80-lb. and 100-lb. rail 1 in 40 for

twelve years. Causes economical distribution of material in plates. Im-
proves distribution of loading as applied to ties through base of rail.

Maintains gauge.
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Boston & Albany.

Have been canting as standard 100-lb. and 105-lb. rail 1 in 44 for ten

years. Causes flange wear reduction. Eliminates rolling out of rail.

"Reduces gauge spreading. Reduces tie cutting.

Boston & Maine.

Do not cant rails.

Buffalo, Rochester & Pittsburgh.

Experimentally canting 100-lb. rails 1 in 20. Causes normal loading

of ties resulting in better gauge holding. Less cutting of ties. Less
tendency of rail to roll out. Uniform rail wear. Considering changing
standard practice to cant rails over 100-lb. and to lay vertically rails

100-lb. or less.

Canadian National Railways.

Have been canting as standard 80-lb., 8S-lb., and 100-lb. rail 1 in 20
for eight years. Increases life of rail.

Canadian Pacific Railway.

Have been canting as standard all weights of rail 1 in 20 for nine
years. Causes wheel tread to bear centrally on head of rail and gives

more uniform wear of rail head.

Carolina, Clinchfield & Ohio.

Experimentally canting 100-lb. rail 1 in 20. Causes longer life of
rail. Possibly will change standard practice.

Cedar Rapids & Iowa City.

Do not cant rails.

Central Railroad of New Jersey.

Experimentally canting 100-lb. rail 1 in 20. No conclusions.

Chesapeake & Ohio.

Experimentally canting 130-lb. rail 1 in 20 for two years. Causes
uniform wear on rail head. Stops overturning movements of rail which
cause spreading of gauge and cutting of tics.

Chicago & Northwestern.

Experimentally canting 90-lb. and 100-lb rail 1 in 20. Causes saving
in wear on rail. Reduces maintenance cost. Increases tie life because
of less gauging of track. Now using canted plates in relaying track
under heavy traffic.

Chicago & Western Indiana.

Have been canting as standard 80-lb. and 100-lb. rail 1 in 40 for
twelve years. Causes uniform wear of rail. Reduces side thrust. Sets
running surface of rail to conform with coning on the wheels.

Chicago, Burlington & Quincy.

Have been canting as standard all weights of rail 1 in 40 for fourteen
years. Puts load over web of rail. Minimizes wear of rail. Compensates
for tipping tendency.

Chicago Junction Railway.

Do not cant rails.
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Chicago, Rock Island & Pacific.

Do not cant rails.

Chicago Union Station Company.

Do not cant rails.

Cleveland, Cincinnati, Chicago & St. Louis.

Experimentally canting 105-lb. rail 1 in 20. No conclusions.

Delaware, Lackawanna & Western.

Have been canting as standard all weights of rails 1 in 40 for ten

years. Guarantees full head bearing surface. Holds curved track to

gauge over long period. Ties are adzed at treating plant to provide

desired cant.

Denver & Rio Grande Western.

Have been canting as standard 70-lb. to 90-lb. rail 1 in 20 for one

year. Maintains gauge on heavy curvature.

Detroit & Toledo Shore Line.

Have been canting as standard 80-lb. rail 1 in 40 for three years.

Causes more even wear on top of rail. Load placed nearer center of

rail. Maintains gauge.

Duluth & Iron Range.

Do not cant rails. Believe advantage only when most wheels are new.

El Paso & Southwestern System.

Do not cant rails.

Erie.

Have been canting as standard 100-lb. rail 1 in 40.

Florida East Coast.

Have been canting as standard 70-lb. and 90-lb. rail 1 in 20 by adzing

for three years. Maintains gauge. Properly receives resultant of wheel

load and wedge action of wheel coning.

Great Northern.

Have been canting as standard 80-lb., 90-lb., 100-lb. and 130-lb. rail,

1 in 80, 1 in 40 and 1 in 20, for nineteen 5'ears. Causes increase in life

of ties brought about by reduction in adzing and respiking.

Gulf, Colorado & Santa Fe.

Do not cant rails.

Gulf, Mobile & Northern.

Do not cant rails.

Hocking Valley. .

Have been canting as standard 100-lb. and 130-lb. rail 1 in 20 for two
years. Causes uniform rail wear and less tendency to spread.

Illinois Central.

Experimentally canting 90-lb. rail 1 in 20. Maintains gauge and gives

tread central bearing on rail.
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Kansas City Southern.

Have been canting as standard 85-lb. rail, 1 in 40, for six years.

Causes full bearing on rail head.

Kansas City Terminal.

Have recently started when new plates are purchased to cant as

standard 90-lb. rail 1 in 20. Causes even distribution of wear on rail

head, increasing life and resistance to overturning.

Lake Superior & Ishpeming.

Do not cant rails.

Lehigh Valley.

Have been canting as standard 136-lb. rail 1 in 20 for eight years.

Prevents rails rolling out. Proportions tie plates with greatest thickness

where needed. Gain in life of rail. Advantage in providing a wider
bearing surface for intensive wheel pressures. May tend to reduce trans-

verse fissures. Maintains gauge.
.

Louisville & Nashville.

Do not cant rails. Top of tie plates is inclined 1 in 88 but not for

purpose of canting but to utilize material in tie plate to best advantage.

Minneapolis, St. Paul & Sault Ste. Marie.

Have been canting as standard 90-lb. rail 1 in 20 for two years.

Causes more even wear on top of rail. Prevents overturning.

Missouri, Kansas & Texas Lines.

Have been canting as standard all weights of rail 1 in 88 for ten

years. EquaUzes pressure.

Missouri Pacific.

Experimentally, on curves only, canting 90-lb. rail 1 in 20. No con-
clusions.

Mobile & Ohio.

Do not cant rails.

Nashville, Chattanooga & St. Louis.

Have been canting as standard 90-lb. and 110-lb. rail, 1 in 40, for three

years. Causes better distribution of load on head of rail. More even
wear. Increased life. Resists overturning. /3 guibr^H

New York Central Railroad—Ohio Central Lines.

Do not cant rails.

New York Central Railroad—Buffalo & East.

Experimentally canting 105-lb. rail 1 in 20 and 1 in 44 for eight years.

Causes more equal and uniform bearing on neutral axis. Increases life

of rail.

New York, Chicago & St. Louis Railroad—L. E. & W. District.

Have been canting on curves as standard 90-lb. rail 1 in 20 for one

year. No conclusions.
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New York, New Haven & Hartford & Central New England.

Have been canting as standard 78-lb., 79-lb., 80-lb., 100-lb., and 107-lb.

rail 1 in 20 for four years. Causes even wear on rail head. Reduces
expense of regauging. Better distribution of wheel load through the rail,

less wear on the wheels. Saving of metal in the tie plate, greatest thick-

ness where plates are apt to bend.

New York, Ontario & Western.

Have been canting as standard 75-lb., 76-lb., 85-lb. and 90-lb. rail for

twelve years. Causes longer rail wear. Less spreading of gauge. More
even distribution of wheel load to tie. Longer tie life. Relieves excessive

pressure on tie plates at critical points.

Niagara Junction.

Do not cant rails.

Norfolk & Western.

Have been canting as standard 85-lb., 100-lb. and 130-lb. rail 1 in 20

for fifteen years. Causes full bearing of wheel of all rolling equipment
on rail heads. Maintains gauge. Reduces flange wear on curves.

Northern Pacific.

Have been canting as standard 130-lb. rail 1 in 24 for one year.

Experimentally canting 90-lb. and 100-lb. rail 1 in 20 for two years. Causes
uniform head wear. Better maintenance of gauge especially on curves.

Attention should be paid to thickness of tie plate at inside edge of rail

base.

Oregon-Washington Railroad & Navigation Company.

Experimentally canting 75-lb., 90-lb. and 100-lb. rail %" out of plane

of surface of tie. Maintains gauge. More even wear on ball of rail.

Better traction for locomotives.

Pennsylvania Railroad System.

Experimentally canting 100-lb. and 130-lb. rail 1 in 20. Maintains
gauge. Less cutting of ties. Central loading.

Pare Marquette.

Have been canting as standard all weights of rail 1 in 20 for one year.

Reduces adzing of ties. Better contact between top of rail and tread of

wheels. Produces more even wear of rail head. Possibly better resistance

against side thrust.

Reading Company.

Experimentally canting rails. No conclusions.

Richmond, Fredericksburg & Potomac,

Have been canting as standard 100-lb. rail 1 in 20 for four years.

Causes uniform wear on the head. Brings tread of wheels exactly in plane
with rail head.

Rutland.

Do not cant rails.

St. Louis-San Francisco.

Have been canting as standard rails on sharp curves. Causes central

loading on rail head.
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Seaboard Air Line.

Have been canting' as standard all weights of rails, 1 in 40, for several

years. Causes equal rail wear over head.

Southern Pacific Lines in Texas and Louisiana.

Have been canting as standard 90-lb. and 110-lb. rail 1 in 44 for one-
half year. Maintains gauge. Decrease in mechanical destruction of ties.

Decreased expense in maintaining rails in position to take proper bearing.

Southern Pacific Company—Pacific System.

Have been canting as standard 90-lb. and 110-lb. rail 1 in 44 for two
years. Causes larger wearing surface. More central application of load
to rail. Avoids tendency for rail to tip and cause tie plate to cut into tie.

Southern Railway System.

Do not cant rails.

Texas Pacific.

Do not cant i^ails.

Union Pacific System.

Have recently adopted canting as standard for 100-lb. rail 1 in 40 for
districts where 2-10-2 and Mallet locomotives are used. Causes center
loading of rail. Prevents tie cutting outside of rail. Prevents beading
on gauge side.

Waterloo, Cedar Falls & Northern.

Do not cant rails.

Western Maryland.

Experimentally canting, on curves only, 90-lb. rail 1 in 20 and 1 in 40.

Causes increased service life of rail and ties.

The Fourth Progress Report of the Committee on Stresses in Track
has been completed. It deals with tests on eastern railroads undertaken
mainly with the view of obtaining information on the effect of canting

the rail inwardly of the track upon the stresses in the rail, as compared
with results found with upright rail.
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Conclusions

1. Of the 67 roads repljang to the questionnaire, 33 are canting rail

as standard and 14 are canting rail experimentally.

2. The practice of canting rail is gaining favor. 11 roads have

adopted canting as standard within the last three years. 22 roads have

been canting as standard four years to nineteen years.

3. Practice differs as to the amount of cant. 30 out of 47 replies indi-

cate 1 in 20. 17 replies indicate approximately 1 in 40. 3 replies indicate

approximately 1 in 80.

4. The advantages derived from canting rail indicated in' the replies

to the questionnaire are

:

Maintains gauge (28 rep'

More uniform wear of head of rail (19
Central loading of rail head (15
Full bearing of wheel on rail head (13
Increases life of rail (10
Prevents tie cutting. ( 7
Increases life of ties : ( 5

More economical design of tie plates ( 5

Reduces flange wear on curves ( 3

Causes less wear on wheels ( 2
May tend to reduce transverse fissures.. .... ( 1 rep

5. No special provisions through switches are necessary when canting

rail except to bring rails gradually to a vertical position by adzing.

6. Those who have canted rail have had no difficulty through switches

except one reply indicating trouble with switch braces backing over

shoulder of tie plate.

7. Except in a few instances canting is accomplished by the use of

inclined plates. A few roads adze the ties to produce the desired cant

of rail.

8. This Committee endorses the conclusions of the Committee on

Stresses in Track, after conference with that Committee, that:

(a) Canting the rail inward reduces the lateral bending stresses

in the rail for both tangent and curved track.

(b) Canting the rail inward causes a more central contact of

wheel on rail.

(c) The most benefit is obtained from a cant of 1 in 20.

9. The Mechanical Division—American Railway Association, at its

Convention, June, 1923, adopted a report against change of the present

standard wheel taper of 1 in 20. This report was written by the Com-
mittee on Wheels after conference with this Committee.

Recommendations

1. Rail should be canted inwardly.

2. Inclined tie plates should be used to produce the desired cant.

3. Amount of cant should be 1 in 20.
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Appendix D

(7) RE-SAWING AND RE-CONDITIONING OF RAILS FOR
RE-LAYING AND THE BUILDING UP OF BATTERED
RAIL ENDS IN THE TRACK.

H. G. Clark, Chairman, Sub-Committee.

There are three methods of re-conditioning rail for re-laying in main
tracks: (1) Re-sawing rail; (2) re-rolling rail; (3) building up the joints

and other portions of the rail with electric or oxy-acetylene processes.

The efforts of the Sub-Committee have been directed toward securing

the relative economies of the three processes, as well as obtaining definite

information for a final report as to the desirability of the various methods.

(1) Re-Sawing Rail.

The re-conditioning of rail by re-sawing is the practice on 24 rail-

roads, having a mileage of 153,395 miles, which railroads re-saw annually

approximately 200,000 tons of rail at an average cost, excluding transporta-

tion, of $1.79 per ton. The average transportation cost is given at $1.84

per ton, making total cost, including transportation, ^.63 per ton. This

practice is on the increase. In 1923, 128,131 miles of railroad followed

this practice and re-sawed 144,545 tons of rail.

The opinion of all railroads is that this practice is generally satis-

factory. Practically all lines use new angle bars when relaying re-sawed

rail. Practically all railroads saw this rail in Company mills. Some few
of them contract the work to outside parties, but generally the expense

of contracting this work is somewhat greater than that done at Company
mills.

In answering the question : "To what extent does transportation cost

figure in your re-sawing program?" it may be said that practically all

railroads report that little consideration has been given to the cost of

transporting rail to the rail mills, but that they were entirely controlled

by the necessity of renewing the rail that was to be sawed and applying

the re-sawed rail at other points where the rail needed renewal.

Where rail is to be relaid at the same location from which it is

removed, portable rail saws have been supplied to saw the rail immediately

adjacent to the track, thus eliminating transportation charges, and the

expense of re-sawing the rail is not materially greater than at the rail

mill. It also has the added value of securing a better fit at the joint

than when the rail is sawed at the mill and indiscriminately re-laid in

the track. This method of re-sawing rail should rapidly increase where
conditions warrant.

(2) Re-Rolling Rail.

This is a practice on but few railroads at the present time, owing to

its cost, which, due to the small quantity of rail re-rolled, averages $14.66
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per ton, including transportation. It is felt that with the present necessity

of renewing rail of the 100-lb. section or greater weights, there will be

an added impetus to re-roll these heavier sections, where the loss in

weight due to re-rolling will still leave a heavy section of rail. This

increase in quantity available for re-rolling will necessarily decrease the

cost per ton and will therefore result in a gradual increase in the re-rolling

of rail for re-laying. It is a desirable practice where the condition justifies

the cost.

(3) Re-Conditioning Rail by Building Up Battered Ends in Track.

Re-conditioning rails by building up the battered ends with oxy-acety-

lene process is a practice on 29 railroads, with a total mileage of 144,350

miles—598,231 joints having been built up by this process at an average

cost of $1.58 per joint, or, as near as may be estimated, at an approximate

cost of $3.59 per ton.

This method of re-conditioning rail is rapidly increasing—the mileage

of all roads using this process increasing from a total of 83,000 miles in

1923 to 144,000 in 1924.

The expense of doing this work is controlled by the condition of

the rail. The practice would be much more economical if the work was
done before the dip in the rail at the joint became too great, and it is

generally more economical than re-sawing rail because it eliminates the

loss due to cut-offs, transportation charges, and decreases the number of

joints in the track; the work is also done without traffic interruption,

which necessarily results when re-sawing rail.

The results indicate that if careful attention is given to the renewal

of angle bars, the life of the rail is about as great as when it is re-sawed,

and more prompt re-conditioning of rail by this process will greatly reduce

the cost of the work.

To determine the practices of the various roads who are members

of the Association, a questionnaire was sent out to all Class 1 railroads

in the United States and Canada, exclusive of switching and terminal

companies. The replies received from the various roads are shown in the

tabulated statement.

Conclusions

The conclusions reached at the meeting of the Committee on Track

in Chicago, November 10th, are:

1. That while there is no economy in re-rolling rail at present high

costs, that with the necessity for renewing rail of 100-lb. or greater section,

the practice of re-rolling rail will probably increase on account of the

fact that the re-rolled section will provide a relatively satisfactory section

after re-rolling.

As the quantity of rail to be re-rolled increases the price of re-rolling

will be rapidly reduced.

2. That the re-sawing of rail for relayers is economical and is good

practice; that it is desirable, when conditions warrant, to do this work
with a portable rail saw.
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3. That the re-conditioning of joints with the oxy-acetylene process

is a good practice and is the most economical method, all things considered,

of re-conditioning rail for renewal in the track.

Your Committee, therefore, recommends that these conclusions be

printed in the Manual as its final report.

Per Per
1923 Cent. 1924 Cent.

Total mileage of railroads to whom ques-
tionnaires were sent 234,676 100.00 294.864 100.00

Total mileage of railroads answering who
re-saw rail for use in main tracks. .. .128,131 54.6 164,236 55.7

Total mileage of railroads answering who
do not re-saw rail for use in main tracks 84,415 36.0 102,737 34.8

Total mileage of railroads not answering
questionnaire 22,130 9.4 27,891 9.5

Total mileage of railroads answering who
are now re-rolling rail for use in main
tracks 27,479 11.7 11,609 13.2

Total mileage of railroads answering who
are not re-rolling rail for use in main
tracks ...193,721 82.6 244.523 82.9

Total mileage of railroad not answering
questionnaire 13,476 5.7 38,732 3.9

Total mileage of railroads answering who
are re-conditioning rail for use in

main tracks 83.371 35.5 144,360 49.0

Total mileage of railroads answering who
are not re-conditioning rail for use in

main tracks 137,829 58.8 130,070 44.1

Total mileage of railroads not answering
questionnaire 13,476 5.7 20,434 6.9

Cost of Re-Sawing (Excl. Transportation) . .$ 2.06 per ton $ 1.79 per ton
Cost of Re-Rolling (Excl. Transportation).. 11.50 per ton 11.81 per ton
Cost of Re-Conditioning 1.76 per jt. 1.58 per jt.

COMPARATIVE COSTS
Re-Sawing Rail
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Appendix E

(10) TRACK CONSTRUCTION IN PAVED STREETS AND
HIGHWAYS

J. B. Baker, Chairman, Sub-Committee.

This subject is being considered under the following sub-divisions:

(A) Tangent track and curves for steam railroad use laid

with girder rails and girder guard rails.

(B) Tangent track and curves for steam railroad use in

paved streets laid with standard "T" rail, where

nature and depth of the paving will allow the use of

the "T" rail with special provisions for flangeways.

(C) Switches, particularly tongue switches, mates, frogs and

crossings used in track as referred to under "A" and

"B" and of such designs and construction as may
be recommended for the purpose.

(D) Crossings of steam railroad tracks over electric railway

tracks, where girder rail is used in the steam

railroad track.

SUBJECT A—GIRDER RAIL CONSTRUCTION

A summary of replies to questionnaire from fifteen roads with a

total girder rail track mileage of 68.06 follows:

1. The mileage of the different sections used on the reporting roads
is, for the

9" 141 lb 46.78 miles
9" 159 lb 13.83 miles
9" 154 lb 0.13 miles 60.74 miles

7" 127 lb 7.32 miles 7.32 miles

Grand total 68.06 miles

2. Girder guard rail is used to a very limited extent, and then only
opposite frogs and on inner rail of curves.

3. Twelve reporting railroads express a preference in the use of

available girder rail sections, as follows

:

4 roads having 26.83 miles of various sections, 159 lb.

5 roads having 22.26 miles of various sections, 141 lb.

3 roads having 11.39 miles of various sections, 127 lb.

4. Girder rails are used in lengths of 30', 33', 44', 50', 60', 62', and 66',

the greatest tonnage however being furnished in 33' lengths.

5. The length of joint bars varies from 22" to 36" and the size and
number of joint bolts from 12—1" bolts to 4—1J4" bolts, with varied

spacing arrangement.
6. a. Ties are generally 7"x9", with about equal use of lengths 8'

and BVi'.
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6. b. The spacing of ties generally favored is approximately 22j/^"

center to center, the equivalent of 18 ties to a 33' rail.

6. c. The use of treated and 3^ellow pine ties predominates.

6. d. Tie rods of various sizes spaced approximately 5 feet, center

to center, are generally used.

6. e. Tie plates are in general use and are standard for most railroads

reporting.

6. f. Almost without exception crushed stone or concrete is used
under the ties.

6. g. Stone blocks are generally used as a street paving. Asphalt
and cement concrete, brick, v^rood block, and sheet asphalt are used to a
limited extent.

SUBJECT B—TEE RAIL CONSTRUCTION

A summary of replies received from fifteen of the twenty railroads

circularized with questionnaire is as follows:

1. "T" rail should be used in streets only when the street construc-

tion is not of permanent character and the rail traffic exceedingly light,

otherwise the cost of maintenance would be excessive.

Girder rail should be used in the construction of all permanent, low
speed tracks in streets and highways where the vehicular traffic or local

specifications require paving.

Vertical stiffness is the most important factor in determining the

height of girder rail to be used.

2. The mileage of "T" rail track in paved streets for the reporting

roads, divided according to various sections, is as follows

:

A.S.C.E. 60 lb. and 70 lb 10.25 miles

A.S.C.E. 75 lb 0.75 miles

A.S.C.E. 80 lb 0.25 miles

A.S.C.E. 85 lb 4.99 miles

A.R.A. 90 lb. 2.00 miles

Various sections 100.70 miles
118.94 miles

3. The majority of reporting roads use "T" rails of 33' lengths, one
road using 60' and another making arrangements for use of 39' lengths.

4. a. For track constructed with "T" rail, the standard guard rails

used to protect frogs at other locations, are used in paved streets.

4. b. Guard rails are used to a very limited extent on curved track

constructed with "T" rails, and then only on the inner rail.

5. The replies indicate a variance of opinion as to the minimum
degree of curve for which "T" rails should be pre-curved, the answers
ranging from 2 to 30 degree curves.

6. a. The size of ties varies: 6"x8", 7"x8", 7"x9", and 8'0" in length

are used. The use of 7"x9" ties is quite general. Spacing varies from 14

ties (approximately 30" center to center) to 20 ties (approximately 20"

center to center) in a 33' length.

6. b. The use of treated oak and pine ties predominates.
6. c. Tie rods are not generally used in "T" rail construction, one

of the roads reports the use on curves only, spaced 10 ft. center to center.

6. d. Plain flat tie plates are generally used. Two roads report the

use of chairs for "T" rail where the local paving specifications required

additional depth.

6. e. Broken stone varying in size from 54" to 3" or concrete is

used for foundation, from 6" to 12" under the ties depending on the

nature of the sub-soil.

6. f. Broken stone is generally used as ballast.
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6. g. Various types of paving are used with "T" rail construction,

as follows: Concrete—the flangeway provided by template when paving is

laid. Asphaltum or similar wearing surface material ; the flangeway
made by a hot iron and in some cases wheel flanges provide their own
flangeway. Stone blocks : the flangeway is provided by wood block fillers

along the rail. Numerous other methods of providing flangeway are used.

SUBJECTS C AND D—SPECIAL TRACK CONSTRUCTION

Plans and data pertaining to these subjects have been collected, i)ut

additional time will be necessary to prepare details that will illustrate the

recommended practice.

Conclusions

The Committee recommends the following for adoption and inclusion

in the Manual

:

1. Good results are being obtained from the use of both "T" and
girder rail in paved city streets. Where girder rail is used, the following

rail sections and accessories are recommended

:

2. Plan of the 159-lb. girder rail section, to be designated as the "159-

Ib. G-9" Section."

3. Plan of the girder guard rail known as the 173-lb. or 174-lb. sec-

tions, which are identical, and to be designated as the "173-lb. GG-9"
Section."

4. Plan of the joint bar to be used with the lS9-lb. G-9" section and

173-lb. GG-9" section, the same to be designated as "159-lb. G-9" Joint

Bars."

5. Plan of the girder rail section known as the 127-lb. and 128-lb.

sections, which are identical, and to be designated as "128-lb. G-7" Section."

6. For girder rail construction the use of the 159-lb. G-9" section,

except under light rail traffic where the use of 128-lb. G-7" section may
be found more economical.

7. The use of the 173-lb. GG-9" section, girder guard rail, which

fishes with the 159-lb. G-9" section for guarding frogs, and on the inner

rail of curves where the life of the outer rail is limited by flange wear

rather than by top wear.

8. Bolt holes U/s" diameter drilled in both ends of the 159-lb. G-9"

section and the 173-lb. GG-9" section, with their center line 3ji" up from

the base of the rail and spaced from the ends as follows :
2^"

—

7y2".

9. Joint bars of the sections shown as the 159-lb. G-9" joint bars to

be used with the lS9-lb. G-9" section and 173-lb. GG-9" section 26" long

with bolt holes punched 2J4"—7j^"—5'^"—7^"—2^".
10. One and one-fourth inch high tensile steel bolts for use with the

G-9" joint bars.

11. Ties of the best grade and class, preferably treated.

12. Tie plates of sufficient size to prevent cutting of the ties.
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DATA TO BE RECEIVED AS INFORMATION

1. The Committee, after investigation, decided on the elimination of

the 9" 141-lb. girder rail from further consideration, because of the in-

feriority of section.

2. Girder rail of 60' length should receive favorable consideration as

expansion and construction are not a factor in paved streets.

3. A girder guard rail section with the same joint fishing section as

the 128-lb. Q-T' section is not available but several sections can be obtained

from the mills which will serve the purpose.

4. Joint Bars as furnished by the manufacturers for the 128-lb. 0-7"

section may be used satisfactorily, but consideration is being given to a

design of "Joint Bars," similar in section to the lS9-lb. G-9" Joint Bars

for this rail.

5. Tie Rods are generally but not uniformly used in girder rail

construction, in some instances special brace plates are used in lieu of

the tie rods.

6. Ties are generally spaced liy^" , the equivalent of 18 ties to a ZZ'

length.

7. A satisfactory paving for heavy vehicular traffic is stone block

with concrete foundation, the depth of the latter depending on the nature

of the sub-soil.

The Committee recommends for future work, specifications for girder

rail and subjects "C" and "D."
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Anton Anderson, W. O. Houston,
Arthur Anderson, Maro Johnson,
F. D. Batchellor, E. T. Johnston,
R. E. Chamberlain, S. C. Jump,
W. E. CoixADAY, E. R. Lewis,
A. Crumpton, F. J. Nannah,
L. B. CuRTiss, G. H. Smith,
R. L. Dyke, T. H. Strate,

G. N. Edmondson, H. Stringfellow,
F. M'. Graham, W. C. Swartout,
A. C. Harvey, M. D. Thompson,

A. H. Utter,
Committee.

To the American Railzvay Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

(1) Revision of Manual (Appendix A)
(2) The various substitutes for wooden crossing planks for the

crossing of highways and city streets, with specifications for bituminous

crossings (Appendix B).

(3) Methods of apportioning the cost of street and highway im-

provements adjacent and parallel to railroad rights-of-way (Appendix C).

(4-a) The elimination of highway grade crossings (Appendix D).

(4-b) The elimination of highway grade crossings (Appendix E).

(5) Plans for end, corner and gate posts of concrete and a method
of bracing the same (Appendix F).

(6) Improved methods of preventing corrosion of fence wire Ap-
pendix G).

Action Recommended

1. That the change in the Manual in Appendix A be approved and

the revised version substituted for the present recommendation in the

Manual.

2. That the definitions of Bituminous Materials and Specifications

for Bituminous Crossings in Appendix B be approved for publication in

the Manual.

Recommendations for Future Work
1. Revision of the Manual.

2. Continue the study of the methods of apportioning the cost of

street and highway improvements adjacent and parallel to railroad rights-

of-way.

3. Continue the study of the elimination of highway grade crossings.

4. Continue the study of improved methods of preventing corrosion

of fence wire.

5. Specifications for steel fence posts.

Respectfully submitted,

The Committee on Signs, Fences and Crossings,

T. E. Rust, Chairman.

Bulletin 273, January, 1925.
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Appendix A

REVISION OF THE MANUAL
No Sub-Committee was appointed this year to consider the revision

of the Manual, although the subject-matter was reviewed by the Com-
mittee as a whole. Only one change is recommended for adoption this

year and that is a revision of the Specifications for Highway Grade
Crossings.

Present Form. Proposed Form.

Sec. 2. "Where the topography "The grade of the surface of the

is favorable the grade of the sur- highway should be level with the

T~ 7~r—u- , t- ij 1 1 1 top of the near ran for a distance
face of the highway should be level J^ fj_ ^^^^-^^ ^^^^^^^„ ^^^_
with the top of the near rail for a
distance of 1 ft. outside thereof;
should be 3 in. lower 10 ft. outside
of the rail, and should be not more
than 3 in. higher nor 9 in. lower
than the top of the rail at points
30 ft. from it measured at right
angles thereto. The grade beyond
these 30 ft. points should not ex-
ceed that which prevails in that
section of the country for high-
ways of the class under considera-
tion."

This change was recommended to the Association last year but did

not come to a vote. The Committee requests that the matter be settled

one way or the other.

Committee X has requested a revision of the standard Highway
Crossing Sign for use with flashing type signals. The present standard

sign is probably in need of revision. The increased use of automobiles
approaching the crossings at high speed, many of them with headlights

whose rays are prevented from rising more than a few feet above the

roadway, may make it desirable to decrease the height of the sign above
the roadway, and it may perhaps be possible at the same time to re-de-

sign the sign so that it may be used with flashing type signals as well

as at other places. Your Committee felt that the subject would require

more study, particularly as to the laws of the various states, than we
were able to give it this year and propose to make it a major subject

for next year's Sub-Committee on Revision of the Manual, collaborating

with Committee X.
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Appendix B

SPECIFICATIONS FOR BITUMINOUS CROSSINGS AND SUB-

STITUTES FOR WOODEN CROSSING PLANK

Arthur Anderson, Chairman, Sub-Committee; F. D. Batchellor, R. L.

Dyke, W. O. Houston, G. H. Smith.

Last year your Committee prepared, and presented as information,

specifications for the construction of bituminous crossings. This year

these specifications have been reviewed and amended and are now recom-
mended for approval and pubHcation in the Manual. To some extent

bituminous crossings are still in the experimental stage so that any speci-

fications adopted now may, perhaps, require revision from time to time.

Your Committee believes, however, that our knowledge of the subject

is sufficiently advanced to warrant the adoption of these specifications.

Your Committee has been unable to agree on the subject of flange-

ways and the use of wooden or metal flange guards is, therefore, left

optional. Some roads find the use of flange guards necessary and others

seem to get better results when the wheels are allowed to roll their own'

flangeways. Climatic conditions, local variations in construction methods

and differences in the character of highway travel may account for the

varying results obtained.

Last year the experience and opinions of several roads on the sub-

ject of flangeways were given in the report. Some further information

bearing on this question is appended

:

Fort Worth & Rio Grande Railway—It is our experience that

drainage foundations and guard rail used have a great deal of bearing

on the life of street crossings with railroads. It is not sufficient to pro-

vide guard rail with occasional filler to hold it in place as engine wheels
will force dirt down between the two rails and make the pavement heave.

Guard rail to be successful should have a continuous flangeway. Either

a wooden 2 in. by 4 in. or rail with portion of base sheared off should

be placed adjacent to and on outside of the main rail of track to furnish

bearing for the wide wheel base of engines. If pavement is placed clear

up to main rail it will eventually raise enough or track pound down
enough so that engine wheels will crush the pavement.

Norfolk & Western Railway.—Flangeways are provided in heavily

traveled crossings by the use of ordinary rail with cast iron filler.

Nickel Plate Road (L. E. & W. R. R. District).—I do not believe

an emulsified asphalt crossing should have a metal fiangeuay where the

angle between the line of the highway and the track is much less than

15 deg. With 10 dog. or less a Ford car is very apt to take to the

flangeway and start up the track. Natural flangeways, that is, flange-

ways formed by the wheel in the a.sphalt, takes care of the objectionable

feature.

Delaware, Lackawanna & Western Railroad.—We recommend for

heavy traffic crossings flangeways constructed of rail or other metal

shapes that do not come in contact wiih the main running rail tlirough

the crossing, as we find the repairs that are made necessary frnm_ year

to year in connection with these crossings are due to joint installation in

crossings, vertical and longitudinal movement of the rail, thereby loosen-
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ing and breaking up the mastic that comes in contact with the running
rail. The installation of metal flangeways independent of the main run-
ning rail enables us to use a soft mastic with sufificient elasticity to take
care of rail movement and provide as nearly as possible a waterproof
crossing.

Chicago & Northwestern Railway.—As to the question of flange-
ways; it is my opinion that on important track a flangeway should be
made and not plan on the wheels making their own flangeway. I believe
that there should be a plank on each side of the rail which can be easily
removed. Then, too, while track may not heave in the crossing it may
heave for some distance on either side and it will be necessary to shim
under the rail through the crossing, and also, to get to the rail quickly
I prefer laying a 2 in. by 4 in. against the web and under the head of
the rail and laying a plank alongside of it so as to form the flangeway
rather than mill out the plank. We find that where we have milled or
edged out the plank so as to make it fit under the ball and against the
web of the rail that planks split very quickly.

DEFINITIONS OF BITUMINOUS MATERIALS

Last year, definitions of bituminous materials were prepared, being,

in general, abbreviations or copies of the definitions gotten out by the

American Society for Testing Materials. These definitions appear on

pages 624 and 625 of Vol. 25 of the Proceedings. In order to save space

they are not repeated here but it is recommended that they be adopted

for publication in the Manual as being necessary for a correct under-

standing of the Specifications for Bituminous Crossings.

SPECIFICATIONS FOR THE CONSTRUCTION OF BITUMINOUS
CROSSINGS

1. GeneraL

These specifications cover the use of emulsified asphalt, rock asphalt

and cut-back products in the construction of bituminous crossings. They

must be carried out in detail and with good workmanship.

2. Foundation.

All the old ballast shall be removed for the full width of the cross-

ing between lines not less than two feet outside each rail and replaced

with new ballast consisting of clean crushed stone having a depth of

not less than six inches below the bottom of the tie.

All ties not in good condition shall be removed and replaced with

new ties (preferably treated ties) and fitted with tie plates. All badly

.worn track material shall be replaced with new material, eliminating rail

joints if practicable.

Provision shall be made for draining the roadbed. The track shall

be carefully lined and surfaced. The new^ ballast shall be thoroughly

tamped to form an unyielding foundation, the surface of which, after

being tamped, shall be four inches below top of rail for a crossing where

an emulsified material is used; three inches where a cut-back material

is used, and one and one-half inches where rock asphalt is used. Where
the crossing is to be constructed of rock asphalt the voids in the stone
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ballast above top of tie shall be filled with limestone screenings sprinkled

with water and tamped to form a solid, water-bound pavement which

shall be allowed to dry before the rock asphalt is applied.

The new stone ballast shall conform to the American Railway Engi-

neering Association specifications for stone ballast.

3. Handling Materials.

Bitumens shall be thoroughly mixed before removal from the barrel.

Emulsified asphalt shall not be exposed to freezing temperatures.

Cut-back products contain an inflammable solvent and care should be

taken to keep them away from open flames.

Concrete in which a cut-back mixture is used shall be made and

stored at least five days before using. It shall be left uncovered to per-

mit curing but shall be protected from rain.

Rock asphalt shall not be laid on or spread when the temperature is

below fifty degrees Fahr. nor on a damp foundation.

4-A. Method of Constructing Pavement.

When an emulsified asphalt is used as the cementing agent, the fol-

lowing paragraphs shall govern

:

Binder Course.—Upon the foundation of ballast there shall be spread

evenly a layer of bituminous concrete which, after being thoroughly

tamped, shall be two and one-half inches thick with top surface one and

one-half inches below top of rail. It shall be made in the following

proportions

:

1 cu. ft. clean ballast stone.

Yz to y2 gal. of bitumen.

The concrete shall be thoroughly mixed and the stone uniformly

coated with the bitumen. This can be done by placing the stone on a

mixing board in a layer about six inches deep, adding the bitumen, and

then raking or turning over the mixture with shovels.

Wearing Surface.—Upon the binder course there shall be spread

evenly a layer of bituminous concrete which shall be thoroughly tamped,

preferably with a self-propelled roller. When such a roller is used, the

finished surface, after rolling, shall be level with the top of rail but not

crowned. When tamped by hand or with a hand roller, the finished

surface shall be from one-half inch to one inch above the top of rail to

allow for compacting by vehicles. The concrete shall be made on a

mixing board in the same manner as the binder course and in the fol-

lowing proportions:

I cu. ft. ^ in. clean stone.

1 gal. of bitumen.

Seal Coat.—A seal coat of clean sand mixed with bitumen shall be

spread over the crossing to fill the voids but not to make a layer. It

shall be made in the following proportions

:

1 cu. ft. wet sand.

IJ^ gal. of bitumen.
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Flangeways.—^Particular attention shall be given to thoroughly com-
pacting the bituminous concrete adjoining wood or steel flange guards or

rail heads. Where wood or steel flange guards are not provided and
flangeways are cut by trains passing over the crossing, they shall be

sealed by applying to the grooves a solution of two parts bitumen and
one part water.

4-B. Method of Constructing Pavement.

If a cut-back product is used as the cementing agent the following

paragraphs shall govern:

Wearing Surface.—Upon the foundation of ballast there shall be

spread evenly a layer of bituminous concrete which shall be thoroughly

tamped, preferably with a self-propelled roller. When such a roller is

used the finished surface, after rolling, shall be not less than three inches

thick and level with the top of rail, but not crowned. When tamped by

hand or with a hand roller, the finished surface shall be from one-half

inch to one inch above the top of rail to allow for compacting by

vehicles. The concrete shall be made in the following proportions

:

1 cu. ft. ^ in. clean stone.

5^ cu. ft. sand.

Yz gal. bitumen.

The concrete shall be thoroughly mixed and the stone uniformly

coated with the bitumen. This can be done by placing the aggregate on

a mixing board in a layer about six inches deep, adding the bitumen, and

then raking or turning over the mixture with shovels.

Seal Coat.—A seal coat of one-quarter inch stone, pea gravel, or

coarse sand shall be spread or crushed evenly over the crossing but only

in sufficient quantity to fill the surface voids. It shall be made in the

following proportions:

1 cu. ft. of aggregate.

\y2 gal. of bitumen.

Flangeways.—Particular attention shall be given to thoroughly

compacting the- bituminous concrete adjoining wood or steel flange guards

or rail heads.

4-C. Method of Constructing Pavement.

If a rock asphalt is used, the following paragraphs shall govern:

Wearing Surface.—The rock asphalt shall be shoveled into place

on the foundation and raked thoroughly to produce an even surface and

even thickness of two and one-quarter inches. After raking, the rock

asphalt shall lie until the sun and heat of the air begin to bring an oily

appearance to the surface. It shall then be tamped or, preferably, rolled

with a self-propelled roller until the entire surface is smooth and free

from waves, depressions or honey-combed areas, until all roller or tamp-

ing marks disappear, and until the finished surface is level with the top

of rail.
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Flangeways.—Particular attention shall be given to thoroughly com-
pacting the rock asphalt adjoining wood or metal flange guards or rail

heads.

5. Repairs.

Holes or pockets in the pavement shall be repaired as soon as they

appear and a small quantity of material shall be stored properly, near the

crossing, for this purpose.

SUBSTITUTES FOR WOOD CROSSING PLANK

Regarding the serviceability of the substitutes for plank crossings

listed in the 1922 Proceedings, Vol. 23, pages 469 to 472, a questionnaire

was sent to the railroads involved and the following replies received

:

Norfolk & Western Railv^ay.

Tarvia "B" Crossings.

These crossings at Portlock, Va., HolUns, Va., and Yadkin, Va., are

in good shape and we consider this type of crossing very satisfactory

for medium traveled highways. We do not have the figure showing the

cost of maintenance. Installed, 1920.

Headley No. 1 Oil Crossings.

The emulsified asphalt crossings at Holliday St., Roanoke, Va., Pu-
laski, Va., and Montgomery Pike, Cincinnati, Ohio, have all proven very

satisfactory but some patching has been done on these crossings. We
do not have the figures on the cost of maintenance.

Chicago, Burlington & Quincy Railroad.

The four concrete plank crossings installed at Downers Grove and
La Grange in 1917 and 1918 and shown on page 468 of the 1922 Pro-

ceedings are still in track and giving good service. Maintenance cost

has been very slight, the largest item being the replacement of wood
filler blocks next to the rail. Experience has demonstrated that with

concrete plank construction, a wooden, rather than a metal flangeway is

preferable as it serves as a sort of cushion for the concrete, minimizing

the effect of vibration.

While we are satisfied that concrete plank construction is cheaper

and more durable than wood plank for heavy traffic crossings we have
now come to the conclusion that crushed rock crossings with some kind

of asphaltic binder are preferable and more economical. This construc-

tion gives good riding service and has the advantage that when repairs

to track are necessary, less labor is involved than is the case when con-

crete plank must be removed. We are not, at this time, contemplating

the installation of any further concrete plank crossings.
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Referring to the steel crossings installed at Burlington, Iowa, men-
tioned on page 471 of Proceedings for 1922: This crossing is still in

service, having been installed about four years ago and has proven very

successful. It is our conclusion that steel plank is more desirable than

concrete plank. They furnish a smooth riding surface, are more easily

removed when repairs are necessary than are concrete plank, and they

have the effect of draining a great deal of surface water that might

otherwise get down to the sub-grade and cause soft foundation.

Southern Railway System.

The concrete slab crossing at Buechel, Ky., is still in service. The
concrete slabs were damaged some time ago by a broken drawbar and

its wearing qualities and maintenance cost do not fairly represent this

type of crossing.

The brick crossing on a concrete base at Evansville, Ind., is in good

condition and no repairs have been necessary since its installation.

The rail type crossing at Louisville, Ky., is in good condition and

has required no repairs.

Cleveland, Cincinnati, Chicago & St. Louis Railway.

The concrete crossing slabs we have in use at Urbana, 111., have

given satisfactory service. They show no signs of deterioration. About

a year ago a derailed car was pulled over the crossing doing some dam-

age to some of the slabs. Outside of this damage there are no signs

of failure.

The concrete crossing slabs in the Speedway crossing at Indian-

apolis show very little wear. Both crossings installed in 192U

Lehigh Valley Railroad.

Our first so-called "plankless crossings" were put in more than ten

years ago. We have not purchased any crossing plank for about that

length of time. We have no plank crossings.

We consider this type of crossing as most satisfactory for general

use. There may be a very few crossings where the. road traffic is so

heavy that some other form of paving might prove more economical,

but we have not felt the need of such improved pavement at any of

our road crossings as yet. (Headley Oil Crossings).

Delaware, Lackawanna & Western Railroad.

The crossings as installed with Headley Oil are giving satisfactory

results. It is our opinion that the crossings in question are a good sub-

stitute for plank crossings.

Fort Worth & Rio Grande Railway.

All the above mentioned crossings are in good shape at this time.

(Concrete slabs and brick.)
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Appendix C

METHODS OF APPORTIONING THE COST OF STREET AND
HIGHWAY IMPROVEMENTS ADJACENT AND PARAL-
LEL TO RAILROAD RIGHTS-OF-WAY

R. E. Chamberlain, Chairman, Sub-Committee ; Anton Anderson, W. C.

Swartout.

This subject as assigned appears to include all highways whether

within or without the limits of incorporated cities and towns. Your
Committee found that the various municipalities throughout the country-

used so many different methods of apportioning the cost of highway

improvements that the compilation of an intelligent report was imprac-

ticable. The Committee, therefore, restricted its investigation to high-

ways outside of cities or towns.

The information received was not complete, partly because of the

difficulty of getting replies to the questionnaire and partly because, in

some states, there is considerable confusion as to the methods that may
be employed in apportioning costs. The subject should be continued for

another year so that the information can be completed and tabulated.

Such information as the Committee has received is appended

:

OUTLINE OF METHODS FOLLOWED BY INDIVIDUAL STATES

Alabama

The cost of highway improvements is met by a special ad valorem
tax levied by the county, together with proceeds from automobile and
other vehicle licenses and gasoline sales tax.

Arizona

Arkansas

Arkansas is one of the few states which has raised all its highway
improvement funds up to 1924 on a strict accrued benefit basis.

After the highway is located, plan of improvement fully worked out
and estimated cost made, a board of assessors appointed by the Commis-
sioners of the Improvement District is organized, goes over all

property in the District and assesses to each parcel the benefit, i. e., en-

hanced value, which that parcel will receive as a result of the construc-
tion of the proposed highway. Railroads, telegraph and telephone com-
panies and other similar utilities are assessed on a mileage basis.

If the assessing authorities can be prevailed upon to assess Railroad
property at a rate per mile which, when equated, is not in excess of rate

oh adjacent farm property, it will have the advantage of giving the

definite amount which the Railroad or any other property will pay
toward the improvement as compared with the indefinite amount when
all or a part of cost is met by general tax.

In 1924 a law, known as the Harrelson Act, was passed which levied

a sales tax on gasoline, oil used for automobile lubrication, and on otiier

items which yielded a very considerable sum. This money is allocated
by the State Highway Department to ihc various counties and Improve-
ment Districts for the purpose of assisting in taking up the bonds issued
by the Improvement Districts, all issues of which are serial. This has been
of great assistance to the property owners in reducing the annual payments
or tax on assessments to meet interest and bond payment requirements.
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California

Up until within the last few years highway improvements outside

municipaUties were made in one of the three ways : First, the State of

California could make these improvements, paying for the same under a

general bond issue; Second, the various counties interested could make
these improvements, paying for the same out of the general county funds
voted for road work; and third, certain county road districts could be
formed within the counties and the cost of the improvements taken care

of by special tax collected as other county taxes and assessed on all

property within the district in the same manner as other taxes are as-

sessed.

In addition to the above methods, the Motor Vehicle Act provides
that a certain portion of the revenue derived by the State under that

act and under the so-called Gasoline Tax Act, should be distributed to

the counties to be used for highway improvement. This, of course, will

not result in any special tax on railroad property.

Colorado

All improved highways are constructed by the State Highway Com-
mission, with funds appropriated by the State Legislature. Source of

funds will have to be developed.

Connecticut

Since 1907 the Statutes of this state have exempted the rights-of-

,

way of railroads from assessments for benefits from municipal or Public
Works and improvements.

Delaware
Railroad right-of-way cannot be assessed for highway improvement.

Florida

Local assessments for highway improvements outside of cities and
towns are only authorized in counties having not less than 75,000 nor
more than 100,000 population according to 1920 census. The entire cost

is assessable against the property abutting on the highway in proportion

to the frontage. Railroad property is assessed according to its frontage

on the highway the same as other property. There is a gasoline tax of

3c per gallon, also an annual auto license tax; the proceeds of both taxes

being used to finance cost of highways.

Georgia

The State Highway Commission derives all its revenue for highway
improvements from the motor vehicle tax, gasoline tax and other special

taxes. No special assessments are made by it. Counties assess what
they term "Public Road Fund," which is simply an ad valorem tax

assessed against all property.

Idaho

Nowhere outside of incorporated towns has the railroad company
property been assessed within the state of Idaho except on an ad valorem
basis or basis of uniform levy applied to the valuation.

In the case of Oregon Short Line Railroad Co. vs. Kimama High-
way District the Highway District attempted to issue bonds for $90,000

and apply a uniform levy on all valuations within the district, for the

construction of a highway parallel with the railroad. Approximately 96

per cent of the assessed valuation within the district was represented

by the property of the Railroad Company, which company received no
benefits, and the United States District Court enjoined the issuance of

the bonds, and this was affirmed by the Circuit Court of Appeals in 298

Federal 431 Kimama Highway District vs. Oregon Short Line Railroad

Co. There are no Supreme Court decisions affecting the question.
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Illinois

No assessments are made on any property, railroad or private,

regardless of location of highway. Entire cost is paid by state out of
proceeds of a bond issue of $60,000,000, interest and sinking fund re-

quirements of which are taken care of by automobile license fees. State
will vote this fall on another issue of $100,000,000 which will be retired

by same means and possibly a gasoline and oil sales tax.

Indiana

Cost of highway improvements is apportioned between railroad

property and other property upon the basis of the assessed value of the
property of each. In 1921 the Legislature passed an Act providing an
additional method for constructing and improving highways by special

assessments. A special road assessment district is formed comprising
an area within two miles each side of highway. The area of the prop-
erty unit actually abutting on the improved highway shall comprise the

first assessment zone ; that area not abutting on the highway but within
one mile thereof shall comprise the second assessment zone, and that

area outside of the first and second zones but within the road district

shall comprise the third assessment zone. The area of the first zone
shall be assessed at least 40 per cent of the cost borne by the entire

road district.

The Board of County Commissioners shall apportion the cost of
highway improvements among the special assessment district, township
or townships, and county or counties at large, according to the benefits

derived, but in no case shall the county or counties at large bear more
than 40 per cent of the cost, nor the township or townships more than
40 per cent of the cost, nor the road district less than 40 per cent of
the entire cost of the improvement. The assessments are based upon
land areas and benefits derived as determined by the Board of County
Commissioners.

Iowa
The improvement of primary roads is paid for as follows: 12.5 per

cent is assessed to adjacent property on a benefit basis, the district ex-
tending not more than one and one-half miles on each side. 87.5 per
cent comes from the State Primary Road Fund or from the sale of
county bonds or possibly from a combination of the two. Bonds, if

issued, may be retired from the Primary Road Fund. The Primary
Road Fund is made up from automobile license fees and Federal Aid.
Such Federal Aid as is received goes into this common fund. The fund
is allotted to the different counties on an area basis. Different counties
use different methods, some of them very complicated, of assessing the
benefits to the various parcels of land, such items as proximity, acces-
sibilty, productivity, value, etc., being considered.

Kansas
Kansas has a rather involved system for paying for its highways.

Federal aid, about $15,000 per mile, is first deducted from the cost.

Then 50 per cent of the balance is paid by the state at large. Twenty-
five per cent of this remainder is paid by the County in which the road
is located. Twenty-five per cent of this remainder by the political

township. The remainder is paid by a benefit district extending the
length of the highway and having an average width of six to eight
miles.

Assessments in the benefit district have been made in several differ-
ent ways, but the method usually followed is by zones one mile wide
parallel to the highway. Since the Kansas highways are invariably on
section lines, or parallel thereto, this is simple. By this method the
special tax rate seldom, if ever, exceeds $5.00 per acre for firs: zone
and frequently is as low as $1.00 per acre for the last zone. It may be
said that the average rate is about $2.50 per acre.
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Railroads are usually assessed at the rate established for the zone in

which they are located. They, of course, pay for their proportionate

share of the amounts paid by the State, County and Township since

these amounts are raised by general taxation.

Kentucky

In Kentucky the cost of highway improvements is taken care of by
gasoline and motor vehicle tax, as well as ad valorem tax. These taxes

are assessable against all properties, including that of railroads, which
are assessed on the same basis as other property. There are no special

assessments against railroads for such highway improvements. A special

ad valorem road tax is assessed against all properties to cover con-

struction of county roads.

Louisiana

In Louisiana all improved highways are constructed under the

supervision of the State Highway Department with funds provided by

bond issues voted by the Parishes (Counties). The bonds are retired

by an ad valorem tax on all taxable property in the Parish, or portion

of Parish involved. This, as in Missouri, throws a very heavy burden
on railroad property as it usually is a large proportion of the total

assessed value of the Parish.

Maine

In no cases, where a new highway or improvements to existing

highways have been made, either adjacent or parallel to, or at a distance

from railroad right-of-way or property, have assessments been made
on the theory of a benefit.

Under the provisions of Chapter 24, Section 30 of the revised

statutes of the State of Maine, townways and highways may be laid

out across, over or under any railroad track subject to the approval

of the Public Utilities Commission and the Commission may determine

whether the expense of building and maintaining so much of said way
as is within the limits of the railroad shall be borne by the railroad

company or by the city or town in which the way is located, or whether

it shall be apportioned among the railroad company, the city or town.

In some cases, under these statutes, the town or state has desired to

establish a highway of more expensive construction than the way to be

abandoned and an agreement has always been effected which has re-

sulted in the increased cost of the permanent macadam or concrete

highway over the ordinary dirt highway, being borne wholly by the

town and state.

Maryland

Funds for the building of State roads are derived from bond issues,

which are on a serial annuity plan, completely retired within fifteen

years. The annual tax for interest and sinking fund is assessed against

the general property of the State.

Funds for the maintenance of State roads are obtained from the

motor vehicle tax, about one-half of which is derived from a registra-

tion fee of 32 cents per horsepower and the balance from a gasoline

tax of 2 cents per gallon.

The County's portion of the lateral road fund may be obtained,

under the terms of the Act, from bond issues, from a tax on the prop-

erty of the County, or from assessment against adjacent property, or

a combination of any of the three. Actually twenty of the twenty-three

counties of the State obtain their funds from bond issues and the other

three from general taxes.

Funds for the maintenance of county roads are obtained from as-

sessments of the general property of the County. Practically all of the

funds for the incorporated towns and villages come from general taxes,

but in isolated cases they may issue bonds by applying to the Legislature,

and receiving from it permission to do so.
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There is no record of special assessments against railroad rights-of-

way for construction or maintenance of highways.

Massachusetts
This state is divided up into about 360 townships, each one being wholly

occupied by an incorporated city or town and there is no legislation

requiring a railroad company to share a portion of the expense for the

improvement of a highway adjacent or parallel to the railroad right-

of-way. There is a betterment law, however,, under which a portion

of the cost of highway improvements can be assessed on neighboring
property owners, whose property is found to be benefited by the im-
provement. These laws, however, have no special application to railroad

corporations.

Michigan
No special taxes are levied against rights-of way for construction or

maintenance of highways. The state voted on a bond issue of $50,000,000

about four years ago to which the Federal government added a like

amount, making a total of $100,000,000 to be used for constructing high-
ways. In general the State has a budget system for all appropriations

and the money is collected by taxes collected in December and January
on all property within the state subject to local assessment—this omits
railway rights-of-way. The railway companies' rights of-way, including

land actually used for railroad purposes, are assessed on an ad valorem
basis, and in this manner the railways do pay indirectly a tax to the

state, which may be used for highway purposes.

Minnesota
In apportioning cost of highway construction in Minnesota railroad

property is treated the same as any other property. If the measure of
benefit is determined on frontage, then the railroad property is assessed
accordingly. In other words, railroad property is treated as land and
is subject to special assessments. Prior to the change in the Minnesota
Grass Earning Tax Law railroad right-of-way was exempt from special

assessments for public improvement. This law was amended and ratified

at the general election held November, 1920, which amendment places

railroad property in the same class as property of individuals and sub-

ject to special taxation.

Mississippi

Roads and highways are built and maintained in Mississippi by an
ad valorem tax on all the property within a road district, based on the

general assessment of such property. Benefits from a road or highwaj'
are not limited to assessment of the adjacent property owners.

Missouri

In the early days of improved highway construction political town-
ships in some cases and counties in most cases issued bonds in amounts
from $50,000 to $100,000 which were retired by an ad valorem lax on all

taxable property in the sub-division offering the same. In many cases,

especially through the Ozark Mountain counties where general land
values are low, this put an unusually and wholly unjustifiable burden
on the railroads because the tax value of the railroad, especially where
an important main line was involved, was a large proportion of the total

tax value of the county, sometimes reaching 25 per cent.

Since 1920 all improved highway construction has been under the

direction of the State Highway Commission, whose funds are supplied

by a bond issue of $60,000,000, which is being retired by automobile
license fees.

The State will vote this fall on a proposal to supplement the above
issue; the amount which can be issued annually being limited by a
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gasoline and oil tax. This latter is designed, however, solely to ex-

pedite the construction of highways.

Montana
Nebraska

Improved highways are constructed by the Board of Public Works,
whose funds are provided by the state at large. Have not yet ascer-

tained the source.

Nevada
The cost of highway improvements outside of municipalities is pro-

vided for as follows:
The State of Nevada, through its legislature, makes a direct levy

on all taxable property situated within the state, including the net pro-

ceeds of mines, for the purpose of creating what is known as the "State
Highway Fund." The amount of such tax. for the years 1923 and 1924
was six cents on each $100 valuation of property within the State.

In addition to this, the State, through its legislature, may provide
funds for state highways through the issuance of bonds.

The County Commissioners of each and every county in the state

are authorized and directed under the general highway law of Nevada
to levy and collect annually a tax, the amount of such tax to be a sum
which, in the judgment of the Board of County Commissioners, will be
necessary for carrying out the work required on the estimate submitted
by the State Highway Engineer, said tax so fixed to be levied on each
$100 worth of taxable property in the respective counties, including the

net proceeds of mines, for the purpose of creating what is known as

the "County-State Highway Fund." This tax so levied shall not exceed
ten cents on each $100 of taxable property situated in the County; the

County Commissioners are also authorized to levy a tax not exceeding
one-fourth of one per cent, upon all of the taxable property of the

County, and all moneys so collected shall be paid into a fund to be called

the "Road Fund"
;

provided, however, that in counties containing in-

corporated cities with a population of more than 2,500 persons, the levy

shall not be less than one-eighth of one per cent, and one-half of such
proportion of said general road tax or fund of said county as the

value of the whole property within the corporate limits of said city or

cities shall bear to the whole property within the county, exclusive of

the property within the city or cities, shall be apportioned and paid to

the City Treasurer of said city.

The legislature of Nevada has the power to authorize the various
boards of Count}' Commissioners of the respective counties of the State

to issue highway bonds and to pledge the good faith of the State for
the payment of the same, and provides for the levy of a tax upon all

the taxable property situated within the respective counties sufficient to

provide interest and sinking funds to meet such bonds.
The County Commissioners of the respective counties have author-

ity to construct and maintain county highways within their respective

counties, out of the general funds of the County, when necessary or
expedient, which general fund is provided for by a county levy on all

taxable property within the county.

A poll tax of $3.00 on each male resident of the State over the

age of twenty-one and under sixty years of age is collected, and from
persons residing outside of the limits of any incorporated town or city

within the State of Nevada ; such poll tax is turned into the General
Road Fund of the county in which said poll tax is collected. The
County Commissioners of the various counties may appropriate the

moneys of such general road fund for the building and maintenance of
such public roads of their respective counties as they may deem for the

best interests of the public.
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Since March 20, 1923, an excise tax of two cents per gallon on all

motor vehicle fuel sold or used within the State of Nevada has been
imposed, which tax is paid each month to the State Treasurer, from
which tax annually collected the sum of $60,000 is to be paid into the

state highway fund, and the balance divided among the counties of

the state and pro rated according to the number of motor vehicles hold-

ing state licenses, which counties shall place such money in the road
funds thereof.

There are no district road assessments in Nevada, the assessments
being either state or county.

The railroads are assessed on the total mileage in the state on the

unit system, and the amounts of such assessments apportioned to t\w.

respective counties in accordance with their mileage, and they bear

the' same pro rata of taxes as the other property and industries, as well

as the tax on the net proceeds of mines, and pay in accordance with

their assessed valuation, their proportion of the expense of construction

and maintenance of highways, both state and county.

New Hampshire

Assessments for highway improvements apply only to land outside

of the railroads' location which is especially benefited by the improve-
ment.

New Jersey

Railroad right-of-way cannot be assessed for highway improvement.

New Mexico

New York.

Highway improvements are made as state, county or town roads

and the cost is charged on the state, county or town at large. Railroads

are not assessed for highways except as it may be included in general

taxes. It has been well established that the opening, extending or

widening of a street near to a railroad confers no benefit and no assess-

ment for said improvement can be levied.

North Carolina

In the State of North Carolina the cost of rebuilding or improving
county roads is borne one-third by the county and one-third each by

land owners within half a mile on the respective sides of the road. On
each side of the road the land is divided into three strips of equal area,

the strip nearest the road being assessed 45 per cent of one-third ; the

S€cond strip 35 per cent, and the third strip 20 per cent. Railroad
property, located within half a mile of a county highway which is built

or improved, is assessed the same as other property according to its

relative area and its proximity to the highway.

North Dakota

Railroad property is not exempt from special assessments for public

improvements which are levied directly against the property according

to betiefits.

Ohio

In the State of Ohio the law provides that such highways outside

of municipalities may be improved (a) by Township Trustees, (b) by

County Commissioners, (c) by State Highway Commissioners, (d) by
co-operation of some or all of the above.
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Assessments on property holders for such improvements may be
made under various plans— (a) by assessing abutting property, (b) by
assessing property on each side thereof within one-half mile limit, one-
mile limit, one and one-half mile limit, or two-mile limit. The per-
centages of the cost that may be assessed on property holders under
above plans vary with the dififerent kinds of roads improved, and it must
also be noted that all the various plans of assessments are not open foi

all kinds of improvements.
In Ohio it is settled that assessments cannot exceed the value of

the special benefits conferred on the property assessed by the improve-
ment on account of which the assessment is levied.

Oklahoma
Improved highways are constructed by State Highway Department

with funds provided by bond issues voted by the counties which are
retired by ad valorem tax on all property in the county with no direct

assessment.

Oregon
Roads and highways may be apportioned to adjacent property in

proportion to benefits. All such roads and highways are paid for by
general taxation or by bond issues. State highways are constructed
with funds derived from bond issues, the principal and interest of which
are taken care of by receipts from automobile licenses and a tax of three
cents per gallon on gasoline. County roads are constructed with the

proceeds of bond issues or of general taxation, and both the principal

and interest on the bonds are taken care of by general taxation.

Pennsylvania
Railroad right-of-way cannot be assessed for highway improvement.

Rhode Island

Rhode Island has the town system of government and all the towns
are incorporated, the corporations being defined by the town lines or
boundaries and no part of the state being outside of the incorporated
limits.

South Carolina

In South Carolina local assessments for highway improvements are
authorized only in the counties of Florence and Beaufort. In Florence
County an amount not exceeding one-third the cost of the improvement
may be assessed against property within one and one-half miles of the

'

highway, of which assessment two-thirds must be assessed against
property within three-quarters of a mile of the highway and the re-

mainder against other property. All property within such limits, includ-

ing railroad property, is assessed with its proportionate share based on
the value of the property as assessed for general taxation. In Beaufort
County an amount not exceeding one-half of the cost of the improve-
ment may be assessed on abutting property or property adjacent within
ten miles of the highway. No basis is fixed for the assessment on vari-

ous parcels and classes of property.
In general, highways are paid for out of the proceeds of a gasoline

tax of three cents per gallon and an annual auto license tax. In addi-
tion there is a state levy of two mills annually, the proceeds of which
are used on the construction of state highways.

South Dakota
Funds for construction and improvement of highways are created by

annual assessments on all property in the district and levies are a part
of the general taxes. No special assessments are authorized.
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Tennessee.

There are no statutory provisions in Tennessee with regard to the

construction of highways at the expense of abutting owners, or persons
in zones. All highway improvements are made out of the general taxes.

Texas.

Utah.

Highway improvements outside of incorporated municipalities are
made by counties, and paid for either out of special taxes levied con-
temporaneously with general taxes upon assessed values uniform through-
out the county, or by bond issues which are paid for by special taxes
levied in the manner above indicated.

Vermont.

Assessments for highway improvements apply only to land outside
of the railroad's location which is especially benefited by the improvement.

Virginia.

Section 170 of the State Constitution of Virginia prohibits local

assessments for highway improvements outside of cities and towns. These
improvements are paid for by gasoline tax of three cents per gallon and
annual automobile license tax.

Washington.

Railroad property is not exempt from special assessments for public
improvements, which are levied directly against the property according
to benefits.

West Virginia.

Highways are paid for by bonds after being voted upon by the peo-
ple of the State. These bonds are taken over by a finance corporation
and paid for by the State as follows : By taxation on property owners
based on $100 valuation ; by revenue received from license plates ; by
tax on fuel and supplies purchased by motor vehicle operators; by sales

tax and by fines imposed upon State Road Law violators.

County roads are paid for by a tax of 25 cents per $100 valuation on
property owners for county road tax and by a tax of 26 cents per $100
valuation on property owners for road bond sinking fund.

There are no special assessments for highway improvements.

Wisconsin.

Funds for construction and improvement of highways are created
by annual assessments on all property in the district and levies are a
part of the general taxes levied. No special assessments are authorized.

Wyoming.
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Appendix D

(a) ELIMINATION OF HIGHWAY GRADE CROSSINGS

A. B. Griggs, Chairman, Sub-Committee; W. E. CoUaday, A. Crumpton,

F. M. Graham.

Last year your Committee made a preliminary report on the above

siibject. Included in this report was an "Outline of Study" which

appears on page 630 of Vol. 25 of the Proceedings. This year, in order

to speed up the work, the Committee decided to appoint two Sub-Com-

mittees, each of which was to report on certain sections of the "Outline

of Study."

To the above named Sub-Committee were assigned major divisions

(4), (5) and (6) of the "Outline"; "Necessity for Improvement,"

"Benefits Derived" and "Objections." To the other Sub-Committee,

whose report is given as Appendix E, was assigned major divisions (7)

and (8) ; "General Plans" and "Design."

The Committee beUeves that the subject of Highway Crossing Grade

Separation can be handled only in a general way. Each project presents

certain individual problems and the necessity for the improvement, the

benefits to be derived and the objections to the improvement must all be

studied in the light of the particular conditions which obtain at the

crossing in question. In the following discussion an attempt has been

made to bring out the principal points to be considered

:

(4) NECESSITY FOR THE IMPROVEMENT.

(1) Character of the Railroad.—The first general consideration

as to the necessity for the improvement is the character of the railroad

involved. In the case of a main line, the number of tracks and their

relation one to the other in arrangement, whether immediately parallel or

separated; on the same grade or dififerent grades, are factors to be con-

sidered. Branch lines, except in cities, will usually have but one track.

The number of trains per day and their speed is of importance in

determining the necessity for the improvement, and also the time of day

at which high speed trains may be scheduled to pass, traffic on the high-

way being usually heavier during the daylight and early evening hours

and lighter after midnight and during the early morning hours.

The topography of the location and its influence on range of vision

and gradients, the feasibility of eliminating the crossing by relocation,

and the possibility of afifording adequate protection by means other than

grade separation, are factors which merit consideration.

(2) Character of the Highway.—Density of traffic on the high-

way is one of the most important considerations in determining the

necessity for the improvement. The trunk line hard surfaced rural high-

ways are fast becoming the main arteries of motor vehicle travel and

are approaching the importance of city streets. The interruption of the

steady flow of vehicle traffic by passing trains congests this traffic and
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increases the danger of accidents, particularly on rail lines of two or

more tracks. For both rural and city crossings the density of traffic is

to be determined by a traffic count which shall be taken by hours for

twenty-four hour periods for seven consecutive days and shall show,

separately, the number of vehicles, pedestrians and trains in such detail

as may seem desirable. Weather conditions shall be noted. Important

conclusions can be drawn from an analysis of the information so

gathered.

Existing approach grades on the highway, in so far as they limit

traffic or increase hazard should be considered.

The angle of an existing crossing is an element to be considered in

determining the necessity for grade separation, since the more acute the

angle, the more hazardous the crossing.

The range of vision and the character and adequacy of the existing

protection, if any, are also to be considered.

(5) BENEFITS DERIVED

(1) By the Railroad.—The most important benefits derived by

the railroad through grade separation are the elimination of hazard and

of damage claims.

At crossings where the speed of trains is now reduced, grade sepa-

ration will be of advantage to the railroad in eliminating such delays.

The separation of grades will effect the following operating

economies

:

Reduced fuel consumption at crossings where trains previously re-

duced speed.

Expense of gates, watchmen and other existing protection.

Maintenance of crossing paving and cattle guards.

Reduced track maintenance.

(2) By the Public.—From the standpoint of the public, the most

important benefits of grade separation are the elimination of hazard and

the speeding up of highway traffic.

Another benefit is an increase in the capacity of the crossing and,

in some cases, a reduction in the traffic over adjacent grade crossings.

The benefits of elimination of hazard and speeding up of traffic may,

therefore, extend not only to the traffic formerly carried by the crossing

in question but to a considerable part of that carried by other crossings

nearby.

(6) OBJECTIONS

(1) By the Railroad Due to Increase in Grades.—Grade separa-

tion necessitating additional rise and fall or an increase in the rate of

railway grades may involve a permanent increase in the cost of opera-

tion, and, therefore, any increase in the rate of grade should be reduced

to a minimum and grade changes which would re.sult in a reduction of

train tonnage should not be made. There are, however, instances where

an increase in the rate of existing grades may not be objectionable from

an operating standpoint. Where the railroad is elevated and a station
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stop is located on the elevation there would be no serious objection to

an increase in the approach grades if they do not exceed the ruling grade.

In general the elevation of the steam line tracks has less objection-

able features than their depression for the reason that the required

clearances are less. Overhead clearances for highway's range from four-

teen feet to eighteen feet, depending on the character of the highway

and whether electric cars have to be provided for. When the steam line

tracks are depressed the desired overhead clearance from top of rail is

twenty-two and one-half feet, and in many states and in all of Canada

this minimum is specified by law.

Partial depression of the steam line and partial elevation of the

highway is often employed to restrict changes in grade, the separation

projects in Detroit and Kansas City being notable examples.

For rural grade separation the overhead highway plan is usually

employed because the advantages of topography can be employed in the

relocation of highways, and because the erection of highway bridges can

be made at an expense not to be approached in the construction of

structures to carry railroad tracks.

(2) By the Railroad on Account of Industry Track Connections.

Where a grade separation project involves an industrial district, one of

the principal objections to the project from the railroad standpoint is

the difficulty and expense of connecting up the industry tracks to the

elevated or depressed main tracks. In this case the approach railroad

grades are usually of minor importance. In general there will be but

two approaches, one entering the district and one leaving.

In many localities it has been found desirable to keep the switching

tracks at a lower elevation than the main lines or high speed tracks.

Main line track elevation is less objectionable, so far as industry track

layouts are concerned, than depression and for many industries it is a

decided benefit. Plants that are receivers of such commodities as coal,

stone, sand, ore, etc., can, by having the tracks elevated, unload direct

into bins by dumping.

Approach grades from an elevated main line are usually accom-

lished at less expense than from a depressed main line, the latter often

involving the use of retaining walls at right-of-way limits.

(3) By the Railroad on Account of Restricted Expansion.—^Any

separation of the main line grade from that of contiguous territory is

objectionable in that it limits the opportunity for expansion. In under-

taking such projects the probable requirements of the future should be

given much consideration. Necessary right-of-way for contemplated

future tracks should be provided and the grade separation structure de-

signed to take care of future requirements.

In general, the elevation of the main tracks is less objectionable

than depression and future expansion will be less expensive to accom-

plish. Drainage problems will be more easily handled and there will be

less disturbance of existing improvements.
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Appendix E

(b) ELIMINATION OF HIGHWAY GRADE CROSSINGS

E. R. Lewis, Chairman, Sub-Committee ; A. C. Harvey, E. T. Johnston,

T. H. Strate, M. D. Thompson.

(7) GENERAL PLANS

It is desirable that adequate surveys be made for every grade sep-

aration project, well in advance of consideration of an actual program

of construction, in order that the problem may be presented in definite

terms; which presentation -is only feasible after thorough study of plans

prepared from data obtained by engineers employing the instruments and

methods of precision peculiar to the profession.

Such plans should show not only the contours of the ground in the

vicinity and especially within the limits of the proposed works, the land

lines and property boundaries, ownerships and approximate values, high-

ways, tracks, bridges and buildings, character of industries and theii

facilities, pole and wire lines, private driveways, paving, retaining walls,

curbs, hydrants, manholes, catch basins, etc. ; also the underground pipe

lines, conduits, sewers, gas and water mains, as well as the character

and bearing power of the soil, the natural and artificial drainage and
possibilities of improvement in connection with grade separation.

Existing underground data is usually meagre and hard to verify,

while such basic factors as the character and bearing power of founda-

tion materials require time and special equipment for determination.

Probably the most common difficulty encountered is that of getting

authority for expenditure to make such investigations. Nevertheless it

is a matter of common knowledge that there are few, if any, investments

that offer such generous returns as money spent on obtaining concise

information along these lines, preliminary to discussions and commit-
ments involving permanent structures.

From the standpoint of elimination as against construction of grade
separations, the possibility of relocation of highways, and sometimes rail-

road tracks, become attractive and worthy of serious consideration even
in the face of seemingly insurmountable obstacles and the long negotia-

tions so frequently necessary with the various public bodies and author-

ities interested. Highways and street car lines which cross and recross

a line of steam railroad in rural districts may sometimes be relocated at

much less expense than grade separations can be built on existing loca-

tions. It is suggested that steam railroad companies make intensive in-

vestigations of all such possibilities along their lines without delay;

entering into suitable negotiations with highway authorities with a view
to minimizing the necessity for future grade separation and thus fore-

stalling the improvement of these lesser lines of traffic on existing unde-
sirable locations. Such a course is of merit if only to avoid the expense
of improving grade crossings and providing protection as traffic increases.

Similarly the consolidation of highways should be considered, as well
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as the separation of grades between railroads crossing at grade in close

proximity to grade separation projects involving streets and railroads.

To effect such economies the officers of railroads should keep closely in

touch with highway authorities, exchanging information on proposed im-

provements as the projects are conceived. Such close co-operation is of

the utmost pubUc benefit, making for ultimate economy and efficiency,

good-will and mutual understanding.

The alterations in existing grade lines to effect a separation at a

crossing constitute the primary engineering problem which admits of

several methods of solution. The highway may be totally elevated or

depressed while the railroad grade is left unaltered, or the railroad may
be subjected to a total elevation or depression while the highway grade

,

remains unaltered. Or there may be partial elevation or depression of

both railroad and highway. *It may be said that comparative costs

largely influence the method of treatment.

The relative importance of the lines of traffic involved is also a

factor. Thus, a rural highway is most frequently totally elevated over

an important railroad line, especially where the topography is favorable

to that type of structure, as in cases where the railroad is in heavy cut-

ting. A highway bridge is comparatively economical since its approaches

may be steeper than railroad grades and the bridge need have only a

fraction of the carrying capacity of a railroad bridge. An objection to

the overhead highway bridge is the restrictions which its supports im-

pose on the free use of the railroad right-of-way and on track clear-

ances both horizontal and vertical. An advantage of the overhead high-

way bridge is the minimizing of drainage difficulties.

A total depression of highway requires less rise and fall, since the

vertical clearance for vehicular traffic is less than that of railroad rolling

stock. In flat country, however, it is seldom feasible to economically

drain such a depression, especially in rural districts. Therefore, the

usual treatment of the rural highway grade separation in prairie states

is the overhead bridge. In cities where sewers and drains of ample sec-

tion and depth exist or are readily made available, and the terrain is

fairly level the favored treatment is partial elevation of tracks supple-

mented by partial depression of streets. Such a method permits of bal-

ancing the earthwork quantities, as the grade lines may be so laid that

the material excavated from depressed streets and approach streets will

make the required embankment. To minimize the depths of girders and

facilitate construction of the railroad steel bridge, span lengths are pref-

erably less than thirty feet, permitting use of stock I-beams. Through-

girders are objectionable because they restrict the operation to parallel

tracks, blocking the installation of turnouts on the span.

The total elevation of a railroad usually means the enforced long

haul of many thousands of cubic yards of filling material, while a total

depression requires corresponding waste of excavation. Total elevation

of the tracks creates a barrier pierced only by the more important thor*

oughfares while minor crossings are eliminated.
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Total depression of tracks restricts expansion of the right-of-way

and access to industries by means of switching leads and spur tracks.

The amount of elevation or depression of a railroad line is frequently

determined by its effect on adjoining property, whether that property is

occupied by industries served by tracks, or is owned by persons claiming

damage on account of prospective deterioration in land values. Indus-

tries adjacent to railroad rights-of-way, especially in congested manu-
facturing districts, are usually adjusted to the conditions created by

grade separation only at the expense of some inconvenience to all par-

ties concerned.

Those industries which receive freight in carload lots and distribute

the same materials in smaller consignments to local customers are fre-

quently benefited by a grade separation program which involves partial

elevation of railroad tracks, because such elevation enables them to take

advantage of gravity unloading by means of trestles and unloading bins

or otherwise. Coal, sand, gravel, crushed stone and similar bulk freight

can be thus handled to increased advantage. Other industries obtain raw
materials or parts from cars on ground level and elevate them thereafter

during the process of manufacture. Such factories can advantageously

accept second-floor delivery. Although the building alterations are likely

to prove more expensive and difficult, advantage can be taken of railroad

depression by manufactories likewise depressing their first floors and

using gravity in moving loads in their business.

While all possible combinations of elevation and depression are

worth consideration of engineers studying grade separation problems,

experience indicates that in many extensive programs all interests have
been best served by means of partial elevations of railroads and partial

depression of streets in many cities where the land is comparatively

flat, with streets and tracks on the same general level before the sep-

aration of grades is undertaken.

Compromise between extremes is the natural as well as the human
way of accommodating forces involved in changing conditions. There
are many grade separations where the elevation of the railroad or of the

street remain unchanged, but there is always some ruling consideration

or condition in such a case responsible for the extreme method of

treatment.

(8) DESIGN

While the methods of treatment of structures necessary to grade sep-

aration may not seem distinctive, they nevertheless have features in

common which are unusual or not always factors in other projects which
claim the attention of civil engineers.

Separation of grades is almost invariably done under trafiic, or by
means of temporarily diverting it. Major structures to be erected are
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usually of permanent character placed where none existed. Minor struc-

tures are likewise of permanent materials usually replacing inferior ones.

Separations of grade result from agreements among various author-

ities and their design shows the influence of compromise between rail-

road, municipal and other public authorities.

Design is the result of conditions governing lines of public trans-

port. American steam railroad rights-of-way are seldom wider than one

hundred feet, the usual width. Our country highways are rarely farther

than one mile apart. The width of sixty-six feet is standard outside of

municipalities in most states. Grade separation bridges are built to span

these widths or subdivisions of them in the most feasible manner. They

are rarely right-angle crossings, thereby differing from the ordinary

railroad bridge over a stream, which usually is built on a site subject in

some degree to the engineer's choice of foundation angle, length of

crossing, etc. The heights of grade separation structures are limited in

most cases to the necessary minimum clearances of railroads, street rail-

ways, automotive vehicles, etc., and approach grades are likewise dis-

tinctive. The problems of the municipality are usually involved, espe-

cially the storm water drain, permanent pavement and sidewalk, retaining

walls, property damage, street railway structures, and especially the time

element, as it affects the convenience of the public during construction.

This last consideration is amongst the ruling factors forced on design-

ers of structures which enter into grade separations. It has influenced

design chiefly through methods of construction and use of materials and

units which may be most promptly formed and placed; first, for tempo-

rary structures to carry street and railroad traffic; and second, for the

permanent bridges, retaining walls, pavements and sidewalks that ulti-

mately replace the grade crossing.

Plans of several typical structures are shown herewith. It is the

intention of the Committee to handle the subject of "Design" in greater

detail in following reports and also, if feasible, to present original typ-

ical designs of the various classes of separation projects, drawn in a

manner to illustrate the usual practice as to clearances, gradients, span

lengths, etc.
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• Rural Highway Over Crossing—Wood Truss, Illinois Central,

Magnet, Illinois

Highway Under Crossing—City—Steel and Concrete—One Span-

New York, Chicago & St. Louis, East Cleveland, Ohio
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Highway Under Crossing—City—Steel and Concrete—Multiple Span
—Illinois Central, Chicago

Highway Over Crossing—Reinforced Concrete—Rural—Chicago, Mil-
waukee & St. Paul, Near Minneapolis

>7S^KnSTSffin

Highway Over Crossing—City—Steel and Concrete—Himrod Ave.,

Youngstown, Ohio—Multiple Span



606 Signs, Fences and Crossings

Appendix F

PLANS FOR END, CORNER AND GATE POSTS OF CON-
CRETE, AND METHOD OF BRACING THE SAME

L. B. Curtiss, Chairman, Sub-Committee ; G. N. Edmondson, A. H. Utter.

This subjects has been assigned to your Committee for several con-

secutive years. The Committee still finds itself unable to definitely rec-

ommend any particular type or types of post and brace. It is possible

that if the Committee were granted the necessary appropriation to make

and test some of the types of post which appear to be the most promis-

ing, it might be able to reach some definite conclusions, but even so, it

is doubtful if any form of tests could be devised that would be decisive^

The problem of design is much more complicated than in the case of

Fme posts. Twisting of the post by the eccentric pull of the fencing,

heaving of the post by frost and the consequent probable displacement

or dislodging of the brace due to these and other causes are some of

the difficulties encountered. These may be overcome by the use of

heavy, expensive and complicated posts and braces, but the test of time

will probably be necessary to decide whether or not some of the simpler

and cheaper designs will prove satisfactory.

Questionnaires have been sent to the various railroads using con-

crete line posts to see to what extent concrete corner and end posts

have been used and what results have been obtained from various designs.

It was found that very little use has yet been made of concrete posts

for ends and corners, and this mostly for experimental purposes. Some
railroads have designs for such posts but have never tried them out.

In view of the very limited use of such posts and the lack of infor-

mation as to the results from such installations your Committee is pres-

enting a set of six possible designs for publication as information and

recommends that this subject be discontinued until such time as future

results or the requirements of the railroads warrant further study.
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Appendix G

IMPROVED METHODS OF PREVENTING CORROSION OF

FENCE WIRE

Maro Johnson, Chairman, Sub-Committee ; S. C. Jump, F. J. Nannah,

H. Stringfellow.

The resistance of fence wire to corrosion is dependent on the effec-

tiveness of the galvanizing coating. Among the more important factors

affecting the life of the coating are the following:

It must be of sufficient thickness.

It must be uniform in thickness.

It must be free from pinholes.

It must not be broken during fabrication.

In the ordinary process of galvanizing, the wire, after passing

through the pan of molten zinc, is drawn between asbestos "wipes,"

after which it is cooled and reeled. This is done to remove excess zinc

which would break or peel during fabrication and expose the base wire,

and to give the wire a smooth finish. Stay wires which are subject to

more bending than line wires are frequently given a lighter coating, and

in such cases fail first. Wherever there is a hole or break in the zinc

coating, electrolytic action is set up between the wire and the zinc.

While zinc is electropositive to iron and steel and tends to replace itself

at such breaks, they are nevertheless points of weakness in the coating.

A number of years ago, in order to overcome this difficulty, this Com-
mittee recommended the galvanizing of fence wire after fabrication, but

this was found to be impractical with the heavy wire and widths used

for railroad fence, although it is the practice with chicken fence and

certain so-called chain mesh.

GALVANNEALING.

About two years ago our attention was directed to a so-called "gal-

vannealed" wire, this being a trade name adopted by the manufacturer.

In this process, the asbestos "wipes" are omitted and the wire passes

from the zinc pan twenty-eight feet long directly into and through an

annealing furnace about thirty feet long, in which the temperature is

kept at about 1,200 degrees, or about 325 degrees above the temperature

of the zinc bath. Movement of the wire through this furnace is at the

rate of about 115 feet per minute. A very uniform and comparatively

heavy coating is secured on the wire, the number of pinholes reduced,

and to a somewhat larger extent than is the case in the ordinary process,

there is a union of zinc with the steel in the wire. The effect of the

uniform coating is obvious, while the union of the zinc with the steel

reduces the cracking and scaling effect during fabrication. \
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This wire has not been manufactured long enough for full service

tests, but its action under salt spray tests indicates a life about twice

that of wire manufactured by the ordinary process. Its action under

the Preece or copper sulphate test, which is that specified by the A.R.E.A.,

indicates a resistance to the standard copper sulphate solution fifty per

cent, in excess of that of ordinary wire. This may be due to the forma-

tion of more or less definite zinc iron compounds in the heat treating

process which are more resistant to copper sulphate than zinc alone,

although it does not follow that the same relation would hold under

actual service tests.

A considerable mileage of fence of galvannealed wire has been in-

stalled on various railroads and the Committee will keep in touch with

some of these installations.

COPPER BEARING STEEL.

For a number of years the American Society for Testing Materials

has been carrying on a series of corrosion tests with copper bearing

steel. The material exposed has been in the form of 22 and 16 gauge

sheets and tests have been carried on at Fort Sheridan, near Chicago, at

Annapolis, and at Pittsburgh. Bessemer and open hearth steels and the

pure irons have been included. Material having more than 0.15 per cent,

copper has been classified as copper bearing, and material with less than

015 as non-copper bearing. A summary of these tests over a period of

six years is shown in the following table, the total number of failures

being indicated for given numbers of months.

The expression of the A.S.T.M. Committee in charge of these tests

is that . . "they point definitely to the conclusion that copper bearing

metal shows marked rust resisting properties as compared to non-copper

bearing metal of substantially the same general composition under at-

mospheric exposure."

Material containing 0.25 copper is now being used for fence wire

by one or more manufacturers. It appears that its affect on the life of

the fence should be quite favorable.
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Years' Service

Year
Rolled 12 3 4 5

1908 398.1

1909 224.1 277.8

1910 124.0 152.7 198.5

1911 77.0 104.4 133.3 176.3

1912 28.9 32.1 49.3 78.9 107.1

1913 2.0 12.5 25.8 44.8 69.5 91.9

1914 1.2 8.2 19.8 32.9 50.9 74.0

1915 0.7 8.9 19.0 34.2 53.0 82.4

1916 1.6 11.8 29.2 47.7 70.6 105.4

1917 5.3 21.6 38.9 66.0 110.5 137.0

1918 1.6 8.9 27.6 54.0 92.8 125.4

1919 2.0 14.8 39.4 73.7 104.8

1920 3.9 14.2 32.4 63.1

1921 1.6 10.9 34.9

1922 1.5 15.9

1923 Z.I

The record of performance of the 1918 rolling shows, for the first

time in five years, a drop in failures. It seems probable that the 1919

record for their five-year period will not be quite so good, but it will

probably be well below the 1917 peak.

A suggested method for compiling statistics through the introduction

of a traffic density factor is also presented for your consideration in

Appendix B. Its adoption will involve no additional burdens upon the

reporting railways and will make our relative mill ratings considerably

fairer.

(4) Transverse Fissures

The Committee last year reported the inauguration of a joint investi-

gation of the underlying cause of transverse fissures, the parties then

co-operating being the Bureau of Standards of the Department of Com-
merce, Rail Manufacturers Committee, the Special Committee on Stresses

in Track, and the Rail Committee. The Bureau of Safety of the Inter-

state Commerce Commission participated in one of the early conferences,

but later withdrew.

During the current year data has teen accumulated on both the mill

and track history of nearly double the number of fissures available last

year. Study of these data indicates substantial conformity with the

tabulated data on the lesser number then available. There appears the

same predisposition of certain furnace heats toward failures of this type.

These data also emphasize the material lessening of transverse fissure

failures during recent years, imder quantities and intensities of traffic

greatly in excess of those producing relatively larger numbers of failures

in earlier years' rollings. Tabulation of these data for presentation to the

joint conference will be completed early in 1925.

Study of some hitherto obscure properties of steel in relation to the

rate of deformation in different directions under stress indicates the

advisability of investigating the pertinence of this characteristic to the

formation of transverse fissures in rail steel. . Through the co-operation
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of the University of Illinois, specimens of rail steel representing fissured

heats and heats in which no fissures have ever developed, the specimens

being examined in pairs of corresponding chemistry and service in track,

will be tested during the current year to determine their respective elastic

constants.

(5) Comparative Wear of Various Weights of Rail

The Committee has considered this topic only as to whether the rate

of abrasion is materially affected by the size of the rail section. The
experience of railroads handling heavy traffic and using the heavier

sections of rail as standard shows greatly increased life of such rails on

curves and also for general use, as is evidenced by the fact that it has

not been necessary to increase the tonnage of rail purchased annually for

renewals.

The Committee last year reported slow progress, due to inability to so

co-ordinate the data as to yield reliable conclusions. This condition still

obtains. Data have been accumulated on nearly 3000 rails whose sections

range from 80 lb. up to 136 lb. The bulk of these contours have been

necessarily secured at the direct expense of the Committee, since observa-

tions on the wear of rails by individual railways are largely confined to

curved track. Contours showing wear on tangent track are necessary

for this work, since the variations of curvature, elevation, and character

of traffic cannot be averaged out.

The data indicate variations in abrasion per million tons of traffic

greater on any individual weight of section than obtain between the

average wear of the lightest section and the average wear of the heaviest

section. The variables of track maintenance, canting and chemistry of

different rails, appear practically impossible of elimination through massed

averages, and are probably preponderant over the influence of the size

of the section as such in resisting abrasion.

The Committee believes that further study of the rate of abrasion

only is not warranted, and suggests that the subject be amplified to

include the study of the economic value of different sections under

varying traffic conditions.

(6) Canting of Rail Inward, Conferring with the Committee on Track

The result of a questionnaire, circulated jointly by the Committee on

Track and the Committee on Rail, is being presented as an appendix to

the report of the Track Committee.

It appears that the practice of canting rail is gaining favor. Of the

67 railways replying to the questionnaire, 33 are canting rail as standard

and 14 are canting rail experimentally; 30 railways are canting 1 in 20;

17 canting approximately 1 in 40, and 3 canting approximately 1 in 80.

The replies in general indicate that no special provisions through switches

are necessary when canting rail, except to bring rails gradually to a

vertical position by adzing. Except in a few instances, canting is accom-

plished by the use of inclined tie plates. A few roads machine adze

the ties to produce the desired cant of rail.
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Among the advantages derived from canting rail indicated in the

replies to the questionnaire, the most prominently mentioned are

:

Better maintenance of gauge.
More uniform wear on head of rail.

Central loading of the rail head.
Increased bearing of wheel on rail head.
Increased life of rail.

The Joint Committee sought assistance from the Special Committee

on Stresses in Track in determining the relative stresses of varying

traffic set up between rail laid vertically and rail canted. The report

of the Special Committee is being presented to the Association direct

and indicates, based on the tests, that:

(a) Canting the rail inward reduces the lateral bending stresses

in the rail for both tangent and curved track.

(b) Canting the rail inward causes a more central contact of wheel

on rail.

(c) The most benefit is obtained from a cant of 1 in 20.

The Rail Committee concurs in the findings of the Special Committee
on Stresses in Track and recommends

:

(1) Rail should be canted inward.

(2) Inclined tie plates should be used to produce the desired cant.

(3) Amount of cant should be 1 in 20.

(7) Movement of Contiguous Rails Through Bolted Joints.

Relation of Bolt Tension to Mechanical Strength of Joints.

The Committee presents as Appendix C a preliminary report of the

University of Illinois bearing upon these subjects. It appears that lubri-

cation by oil is not effectual in lessening resistance to slip, and that a

sustained bolt tension of 1,000 lb. comes far from developing the attain-

able strength of the joint.

Observations on the travel of expansion have been continued on a

mile of test track on the Nashville, Chattanooga and St. Louis Railway,

and much interesting data has been secured. This is not as yet properly

co-ordinated for reporting.

The Committee desires to continue the study of the effect of various

bolt tensions on the mechanical strength of joints during the current

year.

(8) Design for Track Bolts

The Committee presents as Exhibit A a track bolt design with the

propei'ties tabulated for sizes ranging by sixteenths from ^ in. up to

and including 1% in. rolled thread diameter. The design is confined to

rolled thread bolts, optional properties being presented for the contour

of the shoulder, type of thread, and periphery of nut. Corresponding

joint bar punchings are presented for each type of shoulder.

The Committee cannot reconcile the present diversity of angle bar

punchings in track with any standard which will fit them all, but believes

that the design presented for approval meets conditions existing on the

majority of American track for renewals, and may be adopted gener-

ally for new construction.
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The manufacturers of track bolts have signified their general approval

of the design and the American Engineering Standards Committee evi-

dence willingness toward adopting any standard which the Association

may approve.

(9) Rail Battering

The Committee reports progress, on this subject in co-operation with

the Committee on Track. A questionnaire has been issued and much
data secured. It is hoped that considerably more information will be

accumulated this year and the Committee desires to continue this work.

(10) Desirable Length of Rails

The Committee has included in the rail specifications a standard

rail length of 39 ft. and many contracts for rail have been executed this

year stipulating a 39 ft. length without entailing price penalty by the

manufacturers.

The Committee recognizes that the 45 ft. length is the most econom-

ical and most desirable, but present average car lengths do not permit

of ready transportation and mill facilities are not yet afforded for their

manufacture. The Committee presents its confident belief that rail mills

in remodeling may provide facilities for the production of 45 ft. lengths.

(11) Welding of Traction and Signal Bonds

The Committee has devoted earnest study to this subject. Substan-

tial applications of this nature have been made in track. It appears

that the gas welding of bonds materially affects the structure of the

rail in the vicinity of the point of application. Rail breakages from
the use of gas welded bonds, however, appear confined to cases in which

bonds have been welded to the web or base of the rail outside the joint

structure.

Through the co-operation of the Ohio Brass Companj'', the American

Steel and Wire Co. and the Illinois Steel Co., a program of investiga-

tion has been laid out, and the Committee desires to continue study of

this topic during the current year.

(12) Determination of Maximum Permissible Wheel Loads on Steel

Rail

The Committee feels that this is one of the most important subjects

assigned to the Rail Committee for many years. It is very difficult of

intelligent attack, in that it is impracticable to accurately determine

the effect of rolling loads on rails through the use of a reciprocating

machine or a circular test track without very considerable expenditure.

It is recognized that successive wheel loads set up cumulative strains

of surface compression balanced by interior tension, but the relation

these strains bear to the intensity of the load and its number of repetitions

is unknown. This question involves a general principle of mechanics on

which apparently no data has ever been collected by research. The
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condition set up in a rail in track appears fairly comparable with that

set up in a cold rolled steel strip, and a program has been agreed upon

by which the above relations may be determined in commercial strip

steel. Further angles of attack may present themselves through con-

tinued study and the Committee desires to continue its work on this

subject.

(13) Limits of Rail Wear on Curves

The Committee presents as Appendix D an analysis of the subject,

together with data accumulated from a questionnaire. It does not believe

that further study would be fruitful, and requests that it be reheved of

consideration of the subject.

Action Recommended

1. The Committee recommends that specifications submitted with

this report in Appendix A, Specifications for Open-Hearth Carbon Steel

Rails, be adopted by the Association and substituted for the correspond-

ing specifications now printed in the Mantial.

2. The Committee recommends that the design of track bolts, sub-

mitted with this report as Exhibit A, Design for Track Bolts, be accepted

as an American Railway Engineering Association standard and printed in

the Manual.

Recommendations for Future Work

1. Revision of Manual.

2. Continue the study of details of mill practice and manufacture as

they affect rail quality.

3. Continue the study of fair and accurate methods of reporting

rail failures.

4. Continue the study of transverse fissures.

5. Continue the study of the effect of various bolt tensions on

the mechanical strength of joints.

6. Continue the study of the cause and prevention of rail battering.

7. Continue the study of gas welding of propulsion and signal bonds.

8. Revise specifications for spring washers.

9. Continue the study of the effect of various intensities and repeti-

tions of wheel loads upon rail.

iO. Study the economic value of different sizes of rail.

Respectfully submitted.

The Committee on Rail,

G. L. MooEE, Chairman.
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Appendix A

STANDARD SPECIFICATIONS FOR OPEN-HEARTH CARBON
STEEL RAILS—1924

J. R. Onderdonk, Chairman, Sub-Committee ; C. R. Harding, J. B. Young,

C. B. Bronson, A. W. Newton, E. A. Hadley, J. D. Isaacs, L. Yager,

E. E. Adams, Earl Stimson, J. B. Emerson.

Inspection.

1. Inspection and tests shall be made at the works of the manufac-

turer before shipment, and the works management shall afford all rea-

sonable facilities for determining the satisfactory quality of the rails

accepted.

Chemical Composition.

2. The chemical composition of the steel, determined as prescribed

hereafter, shall be within the following limits:
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Physical Requirements.

5. Ductility and resistance to impact will be determined by the

standard A.R.E.A. drop testing machine, with test specimens from 4 ft.

to 6 ft. long cut from the top of the "A" rails from the second, middle and

last full ingots of each heat. The distance between supports shall be

3 ft. for sections under 106 lb. For sections 106 and over it shall be 4 ft.

Temperature of the test pieces must not exceed 100 deg. Fahr.

Drop Test.

6. The test specimens shall be placed base upwards on the sup-

ports and subjected to one blow from the tup, falling free from the

following heights

:

For 81-90 lb. rail inclusive 18 ft.

" 91-100 lb. " " 19 ft.

" 101-120 lb. " " 20 ft.

" 121-140 lb. " . " 22 ft.

If all these specimens endure the above tests without fracture, all the

rails of the heat will be accepted, subject to final inspection for surface,

section and finish.

If one of the three specimens fail, all the "A" rails of the heat will

be rejected. Specimens shall then be cut from the bottom end of the

same "A" rails or the top end of the "B" rails and tested. If any of these

tests fail the "B" rails of the heat will be rejected. Three additional

specimens shall then be taken from the bottom end of the "B" rails or the

top end of the "C" rails. If all these tests stand, the balance of the heat

will be accepted. If any of these tests fail, the entire heat shall be rejected.

Elongation and Permanent Set.

7. (a) One of the three test specimens shall be given a sufficient

number of blows to determine, for information only, the exhausted ductil-

ity, reported inch by inch over the entire six inches gaged. No ductility

readings will be taken between blows. The other two specimens shall be

nicked and broken. The fracture of each specimen shall be examined to

determine the requirements of Section 8.

(b) For information only, the permanent set measured by middle

ordinate in inches in a length of three feet shall be recorded after the

first blow on all test specimens.

(c) For information only, one of the three test specimens shall be

tested by Brinell indentation upon the head of the rail, and the diameter

of the indentation shall be entered up on the test record. The ball

shall be 19 millimeters in diameter and the pressure 100,000 lb.

Interior Condition.

8. If the fracture on any test specimen exhibits seams, laminations,

cavities, interposed foreign matter, or a distinctly bright or fine grained

structure, all top rails represented shall be classified as "X-Rayls."
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Classification.

9. No. 1 Rails.

No. 1 rails shall be free from injurious defects and flaws of all

Ipnds.

• X-Rayls.

Rails as described in Sections 8 and 15-c.

No. 2 Rails.

Rails which conform to the following requirements will be

accepted as No. 2 rails.

(a) Rails which do not contain surface imperfections in such num-

ber or of such character as will in the judgment of the inspector render

them unfit for recognized uses.

(b) Rails arriving at the straightening presses with sharp kinks or

greater camber than that indicated by a middle ordinate of six inches

in 39 feet.

Discard.

10. Suflficient discard shall be taken from the ingot to insure freedom

from injurious segregation and pipe.

Lengths.

11. Standard length of rails shall be 39 ft. at a temperature of 60

deg. Fahr. Eleven per cent, of the entire order will be accepted in shorter

lengths varying by one foot from 38 ft. to 25 ft. A variation of ^-in.

from the specified length will be allowed, except that on 15 per cent, of

the order a variation of iV-in. will be allowed.

Section.

12. Section of rails shall conform as accurately as possible to the

templets furnished by the Purchaser. A variation of g\-in. less or g'a-in.

greater than the specified height will be permitted. A variation of

•is-'m. in the length of either flange will be permitted, but the variation

in total width of base must not exceed ^-in. No variation will be

allowed in dimensions affecting the fit of the joint bars, except that the

fishing templet approved by the Purchaser may stand out not to exceed

^-in. laterally.

Weight.

13. A variation of one-half of 1 per cent, from the calculated weight

of section as applied to the entire order will be allowed.

Drilling.

14. Circular holes for joint bolts shall be drilled to conform to the

drawings and dimensions furnished by the Purchaser. A variation of

aS-in. in the size and location of bolt holes will be allowed.

Finishing.

15. (a) All rails shall be smooth on the heads, straight in line and

without twists, waves or kinks. When placed head up on a horizontal

surface, rails that are slightly higher at the ends than the middle will
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be accepted, provided they contain a uniform sweep, the middle ordinate

of which does not exceed 1>^ in. in 39 ft. They shall be sawed
square at the ends, a variation of not more than 3'2-in. being allowed,

and burrs shall be entirely removed.

(b) Rails presented for inspection which do not conform to the

requirements of Section 14 or Section iS-a may be re-conditioned by the

mill, provided they can be made to fully meet the requirements.

(c) When any finished rail shows conditions as described in

Section 8 at either end or at any drilled hole, it shall be cut back to

sound metal, and accepted as an "X-Rayl."

Branding.

16. Brands made so plain and sharp that they may be read as long

as the rails are in service shall be rolled on or hot stamped into the

side of the web of each rail in accordance with the following require-

ments and to indicate:

(a) Name of the manufacturer, the month and year of manu-
facture, and the weight and type of section of rail as rolled.

(b) The heat number and the ingot number as rolled shall be

stamped in the web of each rail where it will not be covered by the

joint bars.

(c) The top rails shall normally be lettered "A" and succeed-

ing ones "B," "C," "D," "E," etc., consecutively, but in case top discard

is greater than normal, the rail lettering shall conform to the amount
of discard, the top rail becoming "B" or other succeeding letter to suit

the condition.

(d) All rails shall be branded "0-H" in addition to other marks.

Classification Markings.

17. (a) Rails accepted as "X-Rayls" shall have the ends painted blue

and shall be stamped with the letter X on both end faces.

(b) "A" rails shall have both ends painted yellow.

(c) Rails accepted as No. 2 rails shall have the ends painted

white and shall be stamped with the figure 2 on both end faces.

(d) No. 1 rails less than 39 ft. long shall have both ends painted

green.

(e) All rails of heats whose carbon 'content exceeds the mean
carbon percentage of specific range shall have both ends painted brown.

Loading.

18. Rails shall be carefully handled in such manner as to avoid

injury, and shall be loaded as follows:

(a) No. 1 low carbon rails shall be loaded in separate cars.

(b) No. 1 high carbon rails shall be loaded in separate cars.

(c) No. 2 rails shall be loaded in separate cars.

(d) "X-Rayls" shall be loaded in separate cars.

(e) No. 1 "A" rails shall be loaded in separate cars.

(f) No. 1 Short rails shall be loaded in separate cars.
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No sub-division by classification markings other than listed above is

necessary for separate loading.

Mill Practices.

19. The entire process of manufacture shall be in accordance Avith

the best current state of the art. It is expected that thoroughly de-

oxidized dead setting steel will be furnished and that in every stage of

manufacture strict adherence to the standards of best practice of the

individual mill will be observed.

Shall anything occur in the process of manufacture which, in the

judgment of the inspector, varies detrimentally from regular care and

practice, the inspector will immediately notify the Chief Inspector and

the General Superintendent of the mill, confirming such report in writing.

If after full investigation the inspector is not satisfied as to the good
quality of the rails in question, and the rails, complying in other respects

to this specification, be loaded for shipment, the inspector will imme-

diately forward a copy of this report to the Purchaser.

Acceptance and Payment.

20. (a) In order to be accepted, the rails offered must fulfill all

the requirements of this specification.

(b) No. 2 rails to the extent of eight per cent of the whole

order will be accepted.

(c) Rails accepted will be paid for according to actual weights.
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Appendix 6

RAIL FAILURE STATISTICS FOR 1923

By J. B. Emerson, Engineer of Tests, Rail Committee

This report deals with the rail failure statistics for year ending

October 31st, 1923. The information furnished by the reporting railways

remains precisely the same as in foregoing reports, including as a standard

method the system undertaken last year of basing the failure rate on the

amount of rail actually in track through the observation period. This is

accomplished by the use of mile years of service in track rather than

years only, which obtained up to last year as a regular system.

The original compilation and tabulation does not give consideration

to the varying traffic conditions under which the rails are called upon

to serve. The Rail Committee has worked for several years with scant

success on a system of rating rail performance by the tonnage carried

by the failed rail. It appears that this tonnage is not accessible for any

substantial proportion of the failures.

This year another angle of the traffic element has been considered

and there is presented in this report a chart. Fig. 4, rating the compara-

tive performance of the various mills by including in the compilation

due regard to the average ton miles of revenue freight per mile of track

of the various railways into whose tracks the output of these mills was

placed. This chart is presented simply as information, and the Committee

has hot yet decided to use this method for compiling general statistics

in future.

No claim is made for the entire accuracy of this system of rating,

but it does give more consideration to the work the failed rails from

the respective mills are called upon to perform than heretofore. Should

the general idea meet with favor, the traffic density factors may be cor-

rected yearly from the Bureau of Economics reports, and also to include

consideration of the locomotive ton miles, work train service, and the

passenger train miles. No change would be necessary in the present

system of reporting failures, as the use of the factor would be confined

to the compilation of the report to the Association in the office of the

Engineer of Tests.

Authorized Rail Failure Statistics for 1923

The rollings for 1918 and succeeding years are embodied in these

statistics. The tonnage and track miles represented are as follows

:

Year Rolled Tons Track Miles

1918 863,683 5,756.11

1919 954,575 6,388.57

1920 1,086,196 7,200.83

1921 1,116,634 7,338.52

1922 1,109,007 7,116.16

1923 768,640 4,819-63
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The average results are shown in Table 1, together with the results

taken from previous reports. The measure of performance of each

year's rolling is taken as the failure per 100 track miles for five years'

service. As indicated in our last year's report, the 1918 rollings, whose

period of observation is now concluded, exhibits a substantial drop in the

curve which has been ascending since the rollings of 1914. The peak of

bad performance has undoubtedly been passed, although the four year

record of the 1919 rollings indicates that next year the failures will be

slightly higher than this year, although still below the peak of the 1917

record.

Fig. 1 shows diagrammatically the general average results.

Table No. 2 presents a summary from eleven years' reports showing

track miles and total failure in addition to the failures per 100 track

miles shown in Table No. 1. The average results of the rails from each

of the mills for the rollings since 1908 are given in Table No. 3. The
failures of the rollings from each of the mills are shown diagrammatically

in Fig. No. 2.

Table No. 4 presents the performances of the rails rolled at each of

the mills in recent j'ears. The failures per 100 track miles per year of

service are shown and the average shown for the rollings from 1918 to

1922 inclusive for each mill. This average is weighted by the mileage

represented in each of the five j^ears' rolling and the average results are

also presented diagrammatically in Fig. 3. Illinois now shows the least

failures per 100 track miles per year with a figure of 11.19. Carnegie

and Algoma run them a close race with figures of 11.65 and 12.35 re-

spectively.

Table No. 5 presents the average weight of the rails rolled at all

mills. It is noteworthy that the average weight per yard for the first

time becomes in excess of the 100 lb. section.

Tabl
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Table 4—Recapitulation Totals and Averages Grouped by Mills-

Track Miles Represent Quantity Originally Laid; Failures to

Date Computed by Mile Years of Rail in Service.

T«»r
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Table 3—Failures for Various Ages of Rail per 100 Track Miles
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Diagrams Showing Mill Ratings for Five-Year Period Compiled by
Usual Method

Failures per
100 Trk Ills

Per Year
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Average Failures Classified by Mills for the Rollings from

1918 TO 1922 Inclusive
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Diagram Showing Mill Ratings for Five-Year Period as Altered by

Use of Traffic Density Factor.

mil



Diagram Showing Failures per 100 Track Miles by Mills and Years for Periods Ending

October 31, 1923

Mill
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Appendix C

PRELIMINARY REPORT OF TESTS OF RAIL JOINTS

B\' Prof. A. X. Talbot, Chairman, Committee on Stresses in Track.

The end-load tests have been made on one of the rail joints shipped

by Mr. Hunter ^McDonald, Chief Engineer, Nashville, Chattanooga and

St. Louis Raihvaj'. These tests were made bj' applying a compression load

endwise of the rails, a definite tension having been placed in the bolts

before each test. The joints were tested both dry and oiled. A number
of repetitions of the load were applied.

The relation between a tension in a bolt and the torque required to

turn the nut was determined for each bolt. This torque %\-as used in

apphing the specified tension in the end-load tests. Repeated tests showed

that there is a considerable variation from time to time in the torque

required to produce a given tension in the same bolt.

The tension in the bolts was also measured by the use of an extenso-

meter applied to the two ends of the bolt, the apparatus having been

calibrated by determining the stretch of the bolt when placed in a testing

machine under various loads. Calculation of the value of the tension in

the bolts for the end-load tests from the measurement of their stretch has

not been completed, but it is thought not necessarj' to 'do this at this

time. The actual bolt tension applied may var\- somewhat from the values

noted, but the difference can not be great.

The end-load tests were made at bolt tensions of approximately 1000,

2000, 4000, 6000, 8000, and 12,000 lb. For a given bolt tension, the load

required to cause a slip in the joint and that required to continue the

motion for a distance of about 0.02 in. w^ere obtained and semi-auto-

graphic load-slip diagrams were taken. At the lower bolt tension there

was no noticeable difference in the load producing slip and that required

to continue the slip ; at the higher bolt tension the load continuing the

slip was slightly lower than that starting it. After the joint had slipped

about 0.02 inch, the load was taken off to about 100 lb. and then load was

applied until the joint slipped another 0.02 in. This procedure was con-

tinued until the joint had slipped a total of about 0.3 in., fifteen applica-

tions or so being thus made for each set-up. It was found that the load

required to produce slip during the first .15 in. of slip or so was approxi-

mately constant. There was then an increasing load through, say, the

next .10 in., after which the load remained approximately constant through

the next .05 in., when the joint was found to be nearly closed and the

load rose without further slip until the testing machine was stopped. For

a given bolt tension the joint in a dry condition (without lubricant) was

loaded twice in the manner just described, and then the contact surfaces

were well lubricated with oil and two sets of tests were made in the same

way. The oil used was obtained from the Locomotive Testing Laboratory

and was that used for the test locomotive.
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Observations made on the motion of each rail end with respect to

the angle bar showed that the upper rail always slipped about 25 in.

and stopped slipping, the bolt evidently then reaching the edge of the

hole, before the lower rail started to slip. The average load required

to produce slip during the first 0.15 in. of slip was then taken as the

load required to shp the upper rail, and the load required to produce

slip during the last .06 in. of closure was taken as the load required to

slip the lower rail.

The results of the end-load tests are shown on the accompany-
ing diagram. The load required to produce slip (the average of

several tests) is plotted as the ordinate and the tension in the bolts as

the abscissa. The full lines show the results of the tests made on the

dry joint and the dotted lines represent the results of tests on the oiled

joint. The lower lines of the figure show the load producing slip in

the upper rail and the upper hues that in the lower rail.

From the results it appears that the load required to slip a rail in

the joint is approximately proportional to the tension in the bolts, but

that the load required to slip one rail may be tivice as much as that

required to slip the rail at the other end of the same joint. It may be

expected then that there will be a great variation in the force required

to produce slip in different joints even when there is the same bolt

tension.

The tests indicate that the effect of oiling the joint was negligible

at the higher bolt tensions, although apparently the slip load was reduced

somewhat at the lower bolt tensions. It should be noted, of course, that

the joint tested was a new joint and did not have rust or other trouble-

some conditions.

Lateral bending tests were made at bolt tensions of 1000 lb. and

12,000 lb. The rail was placed with the vertical axis of the section in

a horizontal plane and the bending load was applied vertically. The
supports were spaced 46 in. apart and the load was applied at tA^-o points

26 in. apart. Deflections of the head of each rail v.ere measured and the

stresses at the center of the joint were observed. A load deflection graph

was also obtained from tests on one piece of the rail, from which it will

be possible to compute the constant EI and the theoretical lateral defler-

tion of a piece of full rail of the same length and loaded in the same
manner as the rail joints tested. Computations on this have not yet

been made.

The lateral bending tests showed that the deflection of the joint

assembled with bolt tension of 1000 lb. was approximately twice as great

as the deflection when the bolts were drawn up to a tension of 12,000

lb. The maximum stress in the angle bar was also 50 per cent higher

when the bolt tension was 1000 lb. than when the tension was 12,000 lb.

The tests were made by Mr. L. J. Larson, Associate in Theoretical

and Applied Mechanics, who conducted the work ver>' carefully and with

good judgment.
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Appendix D

ESTABLISHMENT OF LIMITS OF RAIL WEAR ON CURVES
FOR VARIOUS CLASSES OF TRAFFIC AND WHEEL
LOADS

W. C. Gushing, Chairman, Sub-Committee; J. M. R. Fairbairn, C. B.

Bronson, F. L. C. Bond, F. L. Thompson, A. \V. Newton, Hunter

McDonald, F. M. Waring, C. F. W. Felt, J. B. Young, J. B.

Emerson.

The basis for the sub-division of "Class»^ of Traffic" referred to

in the caption must be necessarily the speed at which it is carried. The

"Wheel Load" only enters into the problem in a secondary way, which

will be considered further on. Although the active agent of lessening

serviceability, it is not a principal factor in determining the limits of rail

wear.

A sub-division into freight and passenger does not meet the require-

ment of a rule. The only real governing factor is the speed. The wheel

loads and tons carried merely hasten the time of operation of the rule

for rail renewal.

The speed in turn is fairly well controlled by the degree of curve

considered in certain groups, and, therefore, the question will be ex-

pounded from that point of view.

It is the fast train which fixes the standard of maintenance for

track, as neither passenger nor freight trains can be run at high speed

with safety unless the rails be maintained in excellent gage, surface

and alinement, and these in turn are affected by the amount of rail wear

It has been demonstrated by long experience that curves up to 3° 00",

or a little over, can be maintained for a speed of 70 miles per hour, the

required super-elevation having been given to the outer rail.

ROCK ISLAND LINES

Limit of Use of Curve Worn, Mashed or Bent Rail in Important

Main Track

CURVE WORN RAIL
All curve worn rail in which the flange wear has reached

iIk- lower corner of the head at point "A" should be taken
from important main tracks, as further wear allows wheel
(lang-es to strike the joints.

No such rail shall be scrapped on account of wear, un-
less the flat portion "B-C" on top of the head is less than
%" for rail sections of 75 lb. or lighter, nor less than 1"

for rail sections above 75 lb., providing the point "B" is

not beyond the center line of the web with reference to the
point "A."

All curve worn rail complying with the above dimensions
can be used in side tracks and in unimportant branch lines
by making the side "C" gage side of rail.

BENT AND MASHED RAIL
No rail shall be scrapped on account of line or surface bends provided it can be

straightened at reasonable cost, sufficient for use in side tracks.
Rail with mashed or split heads shall be scrapped.
Care must be taken not to confuse rail in which the metal has flown outside of

edges at the head, with mashed heads.
Mashed heads usually show a number of cracks running lengthways of the rail,

while in the first case no cracks arc shown except possibly at the extreme edges of
the head.

Rail that is too light for side track use should be scrapped or sold.
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Curves up to 3° 00", therefore, form the first group, and it is cus-

tomary in general not to allow flange wear of the outer rail to proceed

farther than the outside edge of the head of the joint-bar, as illustrated

by the rule of the Rock Island Lines. Usually, the practice is to replace

it before it has reached that limit, or transfer it to the inside rail of

the curve. The amount of abrasion from the head, both top and flange

wear, in this case is about 20 per cent, of the area of the head.

Curves of 6° 00" limit the desirable speed to 45 miles per hour,

having the required super-elevation of outer rail, thus defining the ex-

tremes of a second group. However, with the reduced speed, v/e do not

find it desirable to allow the flange wear of the outer rail to exceed the

limit of the outside edge of the top of the joint-bar. It is possible to

allow it to proceed a little farther in the case of freight traffic exclusively,

but not much. The amount of abrasion from the head, both top and

flange wear, in this case may reach 28 per cent, of the area of the head.

A third group may be considered to include all curves above 6° 00",

each of which will be, usually, a special case. According to the speed

allowed in each case, somewhat different amounts of flange wear may
be permitted, but not much beyond the limit of the outside edge of the

head of the joint-bar, being governed to a considerable extent by the

relation between the depths of the rail head and the wheel-flange.

The super-elevation of the outer rail is fixed for an estimated given

speed, but, of course, some of the trains round them at a higher speed

and some at a lesser speed, thus changing the proportions of the wheel

load carried by each line of rail. The variations between the extreme

limits are considerable and, at the same time, safe, but too great a pro-

portion of the load on the outer rail gives the passenger an uncomfort-

able ride, while too great a proportion of the load upon the inner rail

leads to excessive abrasive wear of its head. Extreme excess in either

case might lead to the overturning of the whole or part of the train. Only

in this way does the whole wheel load enter into the problem concerning

the wear of the outer rail on curves.

In one of his many valuable studies of track problems, *Mr. Bland

analyzed the effects of trains rounding curves at greater and less speed

than that for which they were super-elevated, and It is given herewith as

an Appendix.

In view of this study and articles by other authors, such as Simplified

Curve and Switch Work, by W. F. Rench ; A Practical Method for the

Adjustment of Curves, by W. F. Rench (Railway Age Gazette—May 15,

1914), and Railway Curves—Super-elevation and Maintenance, by E. E'.

R. Tratman (Engineering News-Record, March 16 and 23, 1922), it is

suggested by the Committee that the data given in the Manual might be

reviewed by Committee V—Track, with the object of making revisions,

eliminations or additions if found desirable.

With the case of the inside rail on curves and the rail on tangents,

the wheel load does not enter into the problem, because the percentage

of wear allowed can be much greater than for flange wear, and could

*Mr. J. C. Bland, formerly Engineer of Bridges and Buildings, Pennsylvania Lines.
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be allowed to proceed to the weakening of the rail section beyond its

load carrying capacity, which must be guarded against. Therefore, in

fixing limits of wear, the moment of inertia and the section modulus of

the worn section must be studied for the kind of service in which the

rail is used. The basis of wear for a new section is generally determined

by a careful consideration of the results of experience with the lighter

rail hitherto in use.

Abrasion of the inside rail on curves being top surface wear, a dif-

ferent measurement of wear is required, but will be controlled in general

b}'^ the speed, and in the groups already specified.

There is another mark of consideration, however, in this case, which

applies also to the wear of rail in the tangent track, in that a cause for

removal before the limits which have been described above are reached

is the desire to use partly worn rail in other and less important service,

and at the same time to keep the hard-service high-speed trunk lines in

the pink of condition. Consequently, rail in all stages of top-surface wear

is removed according to tht speed at which the trains are operated, and

the opportunity for using the replaced rail in service that is at slower

speed or of less importance.

The limits of top surface wear for different classes of "fit rail" being

arbitrary', it may be considered that No. 1 fit rail embraces all degrees

of abrasion within 20 per cent, wear of the area of the rail head from

the top surface. No. 2 fit rail embraces all degrees of abrasion between

20 and 29 per cent, wear of the area of the rail head, while No. 3 fit

rail in side track and yard service only can be used to the limit of about

45 per cent, of the area of the rail head from the top surface.

All these varied considerations make it necessary to have rules of

practice for each weight and section of rail, and for each speed-group.

All these conditions are difficult to state in definite words and

figures, and, therefore, it will be seen from the tabulation of practice on

different railroads that the decision is a matter of judgment for the

case in hand, except that a few railroads have established a practice,

each of which is different from the other.

It is considered a sufficient answer to the problem submitted, for the

present, in addition to the discussion given herein, to submit for infor-

mation the plans in use on five railroads, three of which use measuring

scales, and two templates, as follows

:

The Nashville, Chattanooga & St. Louis Rj' Scale

Norfolk & Western Ry., and Chesapeake & Ohio Ry. . . .Scale

Chicago, Milwaukee & St. Paul Ry Template

Penns34vania Railroa4 System Template

THE NASHVILLE, CHATTANOOGA & ST. LOUIS RAILWAY

This Company has published a hand-book entitled "Rules and In-

structions for the Government of Maintenance of Way Employees,

Effective August 1, 1923," in which Rule 505 (a) is as follows:



642 Rail

Division Engineers, Track Supervisors and Foremen must vi^atch

closely the flange vi^ear on outer rail on curves.

When rail 80 lb. per yard and heavier has worn on the outside

of a curve so head is two inches wide at a point 5^-inch below top

of rail it must be marked for removal and removed as promptly as

practicable.

On the Branches, rail may be worn to 1^ inches before removal.

Rails on the inside of curves must be marked for removal when
joints are badly battered or the head is worn to a thickness of

one inch.

Supervisors must keep themselves supplied with caliper rules

and as soon as rail on curves shows wear close to the limit, make
full report, giving location and feet and section of rail involved.

The Caliper rule referred to is illustrated in Fig. 1.

The practice stated in the rule was put into effect in 1916.

NORFOLK & WESTERN RAILWAY
CHESAPEAKE & OHIO RAILWAY

A different type of measuring gage is used by these companies, and

is illustrated in Fig. 2 and 3, fixing the limits for 130-lb. and 100-lb. rail

It was designed by the former company, and in addition gages for

classifying relayer rails. Fig. 3-A, are used by the Norfolk & Western

Railway.

CHICAGO, MILWAUKEE & ST. PAUL RAILWAY

A set of templates is used by this Company as an aid in keeping watch

upon the progressive wear of the outer rail on curves in service, illus-

trated in Fig. 4.

PENNSYLVANIA RAILROAD SYSTEM

The primary object in the use of templates by this Company was to

establish points of separation for three groups of "fit rail," Nos. 1, 2 and

3, as the basis of grouping was different not only in the four Regions,

but in the districts of the General Superintendents, and even between the

Divisions. Uniformity in classification was necessary for economical use.

Obviously, separation points are arbitrary; these were agreed upon by

the several engineers, and can be changed upon united desire. The

gages are modeled on the same plan as the wheel gages, and are illus-

trated in Fig. S and 6 for 130-lb. and 100-lb. rail, respectively. A copy

of the classification of second-hand rail is also given.

These gages do serve also in calling attention to limit in wear of

rail, both flange and top-surface, but their application must be based

upon the character of trafiic-service as already explained. There are

several reasons for rail renewal which must be balanced against each

other.

Recommendation

1. That the report be accepted as final.
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Addendum

MAXIMUM SPEEDS ON TURNOUTS HAVING NO SUPER-
ELEVATION

By J. C. Bland

As to the maximum speeds permissible on No. 10, 15 and 20 Turn-

outs, the outer rail not being elevated, i. e., rails on a level, the centrifugal

reaction is all furnished by flange action of the outer rail, to withstand

which the fastenings must be of sufficient strength to take the shearing

and bending due to centrifugal force, and the speed should be such that

the direction of resultant due to worst conditions should not cut the base

of rail beyond the middle third point (i. e., one-sixth the base width from

center of rail), otherwise there would be "uplift" on the bolts or spikes

on inner side of base of outer rail. This "middle third" point is 15 per

cent the height of the rail from its center, hence in no case should the

ratio of the centrifugal or deviating force to the driver load plus

centrifugal augment, minus the counterweight augment, exceed 15 per

cent., i. e., an angle of about 8''-32'.

First: Suppose we assume in each case the same maximum load on

outer rail—say the maximum load on outer rail shall not exceed 67 per

cent, the static axle load. Then the respective maximum speeds are as

follows

:

Number of Turnout No. 10 No. 15 No. 20

Maximum Speed Miles per Hour 27.18 33.82 36.30

Centrifugal Force ,o^^^ o or.^ ^ ->-,^
RatOTTF—D

Z-
—

—

7^-.—o"^ 12.25% 8.39% 6.27%
Mm. Reaction on Outer Rail

whence all are within the limit of 15 per cent, and outer rail will have

no uplift.

Second: Since the track fastenings, etc., are the same in each case,

another supposition is to fix the maximum speed in such wise that the

centrifugal force in each case is the same, say 3j/^ per cent., the driver load.

With this condition the maximum speeds are as follows

:

Number of Turnout No. 10 No. 15 No. 20

Maximum Speed Miles per Hour 19.59 32.07 41.48

„ . Centrifugal Force ^ ^„^ _ .^^ „ .^^
Rat oXT—5

7-— r^ .

—
TT-^ 6.39% 7.46% 8.32%

Min. Reaction on Outer Kail

whence all are within the limit of 15 per cent, and there will be no uplift

at inner edge of outer rail. The maximum reaction on outer rail for

No. 20 turnout is, however, 72.21 per cent, of the axle load.

Third: Still again we can determine the speeds such that the resultant

of the worst condition will cut the "middle third" point of rail base. In

such case the maximum unit pressure under outer edge of rail will be

double the mean pressure and the unit pressure at inner edge of rail

base will be zero. This is the utmost limit and the speeds will be as

follows

:
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Number of Turnout No. 10 No. 15 No. 20

Maximum Speed Miles per Hour 24.43 36.50 43.47

„ . Centrifugal Force
Ratio -YT-—^—7-^ K—

—

TT—, 10% 10% 10%Mm. Reaction on Outer Rail

Maximum Reaction on Outer Rail 63.74%Q 69.79%Q 74.39%Q

Fourth: Considering all that has been said, we should adopt maximum
speeds that will fulfill as near as may be the following conditions, viz.

:

(a) The maximum load on outer rail should not exceed, say, 70

per cent., the static axle load or what is the same thing, the

minimum reaction on inner rail should not be less than 30 per

cent, of the static axle load.

(b) The centrifugal force should be the same as near as may be

and should not exceed 3j^ per cent, of the static axle load.

(c) The ratio of the centrifugal force to the minimum reaction on
outer rail (i. e., when counterweights are "up") should not exceed

10 per cent, and as nearly as possible be the same in each case,

whence we find that speeds of 20, 30 and 40 miles per hour, respectively,

for No. 10, 15 and 20 Turnouts will fulfill the conditions and we have the

following

:

Number of Turnout . .

.

Max. Speed in Miles per Hour
Centrifugal Force (Q= Static axle load)
Max. Reaction on outer rail

Min. Reaction on inner rail
Min. Reaction on outer rail

pj^g^jQ
Centrifugal Force

Min. reaction on outer rail

No. 10

20
3.27%Q
59.21%Q
40.79%Q
51.21%Q

6.78%

No. 1.5

30
2.92%Q
63.37%Q
36.63%Q
45.37%Q

6.44%

No. 20

40
3.09%Q
70.65%Q
29.35%Q
3S.65%Q

7.97%

Thus at speeds given there result conditions substantially the same

in each case.
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Maximum Speed Permissible on Turnouts Nos. 10, 15 and 20

Principle (1)

That Max. Reaction on outer rail

shall not exceed 67% the axle
load.

Number of Turnout
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Maximum Speed Permissible on Turnouts Nos. 10, 15 and 20

Principle (2)

That the deviating force shall be equal in each
case, and not exceed 3J% the axle load.

Principle (3) (Max.)
That the re.'^ultant of the deviating force and
min. reaction for outer rail shall cut the
middle third point of base rail.

No. 10
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Maximum Speed Permissible on Turnouts Nos. 10, 15 and 20
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Maximum Speed Permissible on Turnouts Nos. 10, 15 and 20

Recommended Max. Speed as given below

No. 10

400

0.5208

20

0.0347

Q

0.0521

Q

0.0400Q

0.0921

Q

0.5921

Q

0.4079

Q

0.0586

0.5121Q

0.0678

Objection
None.

No. 15

2058

900

0.4373

30

0.0292

Q

0.0437Q

0.0900Q

0.1337Q

6337

Q

0.3663

Q

0.0461

0.4537Q

0.0644

No. 20

3442

1600

0.4048

40

0.0309Q

0.0465Q

0.1600Q

0.2065Q

0.7065Q

0.2935 Q

0.0437

0.3865

Q

0.0799

Pr/nc/p/e /

f^i/a^/cn ofconc//^/on /3

2'''/cooo'^ '^

-poooo

Pr/nc/p/e 2
Take /r> a// cases ^L qcq

TTje/} £t^i/cr//on cf Co/JC3^///on js

erne/Ce/7J^r/^ijga/Au^/nen-/' ^~%'(^~^'C

Pr/nc/p/e 3
fqri/a//br7 ofCona/zY/on /s

/"^ "yTT—!—r7r-=a/sn<n L V ^'.jL
'-/5ff

fher>ce V'= ^07S^

/oaoo

/elaoooo/s+?.fai

aoooo/s + 0^12

Pr/hcip/e 4-

ftfi/o/Zc/? of Cooc//Y/or) /3

"•^^ /COOO ^ ^ /O R
/efaooooz-f- ^^^y v^ -aos

aoooo/i-Q£^





REPORT OF COMMITTEE XIV—YARDS AND
TERMINALS

J. R. \V. Ambrose, Chairman;
Irving Anderson,

J. E. Armstrong,
\V. R. Armstrong,
Hadley Baldwin,
F. C. Baluss,
H. M. Bassett,
C. H. Blackman,
C. A. Briggs,

A. E. Clift,

R. A. Cook,

J. D'EsposiTo,
A. W. Ei'Right,

E. H. Fritch,
Otto Gersbach,
John V. Hanna,

J. G. Wishart, Vice-Chairman;
E. M. Hastings,
Reuben Hayes,
R. A. C. .Henry,

J. B. Hunley,
D. B. Johnston,
B. H. Mann,
A. Montzheimer,
C. H. MOTTIER,
C. L. Persons,
H. J. Pfeh-er,
H. L. Ripley,
H. M. ROESER,
C. E. Smith,
C. H. Spencer,
E. E. R. Tratman,

To the American Railzvay Engineering Association.
Committee.

Your Committee respectfully submits the following report

:

1. Revision of Manual (Appendix A).

3. Scales (Appendix B).

4. Freight handling at two-level freight houses and team tracks and

multiple-story freight houses, also handling freight by mechanical

means, including the relative advantages and disadvantages of the use

of freight houses as warehouses in connection with L.C.L. freight (Ap-

pendix C).

5. Freight yard design, suggesting economies in operation (Appen-

dix D).

6. The arrangement of terminals to reduce preparatory leaving time

and terminal arriving of trains, including the matter of main track ca-

pacity approaching important terminals (Appendix D).

7. The proper size and arrangement of large passenger station

facilities ias determined by the business handled (Appendix E).

8. Outline of work for ensuing year (Appendix F).

Action Recommended

1. That the report given in regard to Scales in Appendix "B," page

658, be accepted and that the Tolerances given therein be approved for

publication in the Manual.

2. That the report in regard to Freight Houses given in Appendix

"C," page 662, be accepted and that the conclusions given therein (page

70S) be approved for publication in the Manual.

3. That the report on Freight Yard Design in Appendix "D," page

717, be accepted and that the conclusions therein (page 725) be approved

for publication in the Manual.

Bulletin 274, February, 1925.
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4. That the report on Passenger Station Facilities in Appendix "E,"

page 728, be accepted and that the conclusions therein (page 742) be ap-

proved for publication in the Manual.

5. That the Committee on Outline of "Work give consideration to

the suggestions made in Appendix "F."

Respectfully submitted,

TkE Committee on Yards and Terminals,

J. R. W. Ambrose, Chair>nan.

Appendix A

REVISION OF MANUAL
E. E. R. Tratman, Chairman, Sub-Committee

; J. R. W. Ambrose, I.

Anderson, J. E. Armstrong, E. H. Fritch, Otto Gcrsbach, Reuben
Hayes, B. H. Mann, C. H. Mottier, H. L. Ripley.

Your Sub-Committee spent considerable time in ihc consideration

and discussion of several proposed amendments to definitions and other

material in the Manual, but it appeared evident that piecemeal altera-

tions would not give satisfactory results, and it was the opinion of

the Committee as a whole that there should be comprehensive revision

of the entire portion of the Manual relating to Yards and Terminals.

Appendix B

SCALES

Reuben Hayes, Chairman, Sub-Committee ; Hadley Baldwin, F. C. Baluss,

C. A. Briggs, A. E. Clift, A. W. Epright, J. B. Hunley, H. M. Roeser.

SUBJECT (A)—AUTOMATIC INDICATING DEVICES FOR
WEIGHING

This Committee's report to the twenty-fifth annual convention ex-

pressed the conclusion that it is impracticable to prepare specifications

covering the design and construction of automatic indicating devices for

weighing, but that a certain accuracy in weighing should be required and,

therefore, work on this subject since the last convention has been con-

fined to obtaining and studying results of tests of heavy-duty automatic

scales in railroad service for the purpose of determining what tolerances

may properly be specified for such scales used exclusively in railroad

service for obtaining weights for the sole purpose of fixing charges for

the transportation of freight.

The Committee had available for study tests made monthly over

a period of one year on automatic scales by one railroad and tests made
at irregular intervals during the past few years on similar scales by

three other railroads. Some of this data goes back as far as 1912. It

is believed that these tests show results consistent with similar tests

made on other railroads. The tests were made by first balancing the

scale without any weight on the platform and then recording the error
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in pounds, stating whether in excess or deficiency by a phis or minus

sign respectiveh', with weights on the platform increasing generally by

increments of 100 pounds to a total applied weight of 2000 pounds, but

the practice of different railroads is not uniform, some tests being made

with w-eights increasing by increments of 50 pounds and terminating

with a total weight of 1000 pounds, while other tests are made with

increments of weight increasing in amount until a total weight of as

much as 4000 pounds is used.

A Committee on Specifications and Tolerances of the Annual Con-

ference on Weights and Measures submitted to the Fifteenth Annual

Conference held at the Bureau of Standards during May, 1922, specifica-

tions for tolerances for heavy-duty automatic scales which were received

as a report of progress. They were adopted by the Sixteenth Annual

Conference on Weights and Pleasures held during May, 1923, and are

printed in Miscellaneous Publications, No. 55, of the Department of Com-
merce, Bureau of Standards. That portion of the report containing a

definition of a heavy-duty automatic indicating scale and the tolerances

adopted are here quoted as follows

:

"NON-RETROACTIVE TOLERANCES FOR HEAVY-DUTY AUTO-
MATIC INDICATING SCALES"

"Definition.—A heavy-duty automatic indicating scale is a -scale,

other than the counter-scale type, in which is embodied or to which is

attached a self-acting mechanism, the capacity of which may be equal

to or less than the total capacity of the scale, through the agency of

which the indicated or recorded weights of variable loads may be ob-

tained. This classification does not include scales which automatically

weight out commodities in predetermined drafts, such as automatic grain

hopper scales, packaging scales, etc.

"Note.—The tolerances herein presented for consideration are, as

is stated above, not intended to be applied strictly to scales already in use.

"These tolerances are not to be construed as applying to railroad

track scales, Mhether or not automatic indicating devices are embodied
in or attached to such scales,

"Tolerances.—The tolerances to be allowed in excess or deficiency

on heavy-duty automatic indicating scales shall be the values shown in

the following table: Provided, however, that the tolerances on the dial

or reading face on all these automatic indicating scales shall in no case

be less than the value of one of the minimum graduations on the dial

or reading face, or one five-hundredth of the capacity of the dial or
reading face, whichever is less, except that on such of these scales as

have a minimum graduation of 1 pound or more on the dial or reading
face such tolerance shall not be less than 1 pound. The tolerances on
any beam or beams with which the scale may be equipped shall be the

sam,e as those specified above, except in cases where the value of the

minimum graduation on any such beam is less than that of the mini-

mum graduation on the dial or reading face, or one five-hundredth of
the capacity thereof, whichever determines the minimum tolerance on
the dial or reading face, in which cases the minimum tolerance on
any such beam shall be the minimum graduation on any beam with
which the scale may be equipped.

"The minimum tolerance to be allowed on the ratio or the multiply-

ing power of the scale shall be the same as the minimum tolerance al-

lowed on the beam : And provided further, that the Manufacturers'
tolerances or the tolerances on all new heavy-duty automatic indicating

scales shall be one-half of the values specified above.
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"The tolerances to be allowed on heav3'-duty automatic indicating
scales used exclusively in determining weights for the sole purpose of
fixing charges for the transportation of freight shall be twice those speci-
fied above.
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"The values in the columns with the headings 'Tolerance,' 'On dial

or beam' are to be applied to those parts of such scales not requiring

the use of loose weights; for example, the dial, a beam, or 'built-in'

automatic or semiautomatic counterpoise or unit weights ; namely, those
which are automatically or mechanically added and are an integral part

of the scale mechanism and not designed to be detached therefrom.

"Tolerance on Weights—The tolerances to be allowed on loose

counterpoise or 'bottle' weights used on heavy-duty automatic indicating

scales shall be the same as those specified for such weights used on
beam scales."

Your Committee suggests that the railroads tentatively use the tol-

erances quoted above and adopted by the Sixteenth Annual Conference

on Weights and Measures so far as they apply to new heavy-duty auto-

matic indicating scales and to such scales used in determining weights

for the sole purpose of fixing charges for the transportation of freight

and baggage, pending future developments.

SUBJECT (B)—TOLERANCES FOR RAILROAD SERVICE
WEIGHING DEVICES

The Committee has started a study of the subject of tolerances for

use in testing, adjusting and maintaining track scales but not sufficient

progress has been made to warrant submission of a report at this time.

Recommendation for Future Work

Information has just reached the scale sub-committee that enor-

mous motor truck loads are now being received for weighing on motor

truck scales, running as high as 51,000 "pounds gross, which are beyond

anything contemplated in previous specifications for motor truck scales;

and your Committee recommends that this subject receive study during

the coming year.

Conclusions

Your Committee recommends the adoption of the Tolerances for

Heavy-Duty Automatic Indicating Scales for publication in the Manual.
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Appendix C

FREIGHT HANDLING AT TWO-TRACK-LEVEL FREIGHT
HOUSES AND TEAM TRACKS AND MULTIPLE-STORY
FREIGHT HOUSES; ALSO HANDLING FREIGHT BY
MECHANICAL MEANS, INCLUDING RELATIVE ADVAN-
TAGES AND DISADVANTAGES OF THE USE OF FREIGHT
HOUSES AS WAREHOUSES IN CONNECTION WITH L.C.L.

FREIGHT

C. H. Mottier, Chairman, Sub-Committee; F. C. Baluss, H. M. Bassett,

C. H. Blackman, R. A. Cook, J. D'Esposito, E. H. Fritch, O. Gersbach,

Reuben Hayes, J. B. Hunley, D. B. Johnston, C. L. Persons, H. J.

Pfeifer, C. E. Smith, E. E. R. Tratman, J. G. Wishart.

The Committee has confined its efforts this year to a consideration

of the first portion of the assignment, "Freight handUng in two-track-

level freight houses and team tracks and multiple-story freight houses."

The remainder of the assignment has received some previous con-

sideration b)' the Committee, as indicated below, and will not be further

discussed in this report

:

"Handling Freight by Mechanical Means," pages 76-79, Volume 23.

"Relative Advantages and Disadvantages of the Use of Freight

Houses as Warehouses in Connection with L.C.L. Freight," pages 67-76,

Volume 23.

The question of two-track-level and multiple-story freight houses

presents a fertile field for investigation. It is the thought of the Com-
mittee, however, that the one-level house for many years to come wall

be the principal type of freight house in this country, and that multiple-

story houses will be the exception rather than the rule. It is felt, there-

fore, that the principal fact to be determined is when the construction

of a multiple-story freight house is justified instead of the usual simple

type of one-level house. In order to study this problem adequately, it

will be necessary not only to develop the facts in connection with the

multiple-story freight house, but also to develop similar information in

connection with the one-story house in order that a proper comparison

can be made of the economic advantages of the two types of houses when
considered for any particular location. The Committee, therefore, has

endeavored in this report to cover, in as complete a manner as possible,

the whole question of L.C.L. freight house operation, including both one-

level and multiple-story freight houses.

Mr. E. H. Lee, Past-President of the Association, presented two

monographs, "Notes on L.C.L. Freight Houses," page 363, Volume 15,

and "Trucking Methods and Costs Through L.C.L. Outbound Freight

Houses and Transfer Platforms," page 225, Volume 16, which contain

valuable Information on this subject. The Committee on Buildings, under

the caption "Freight House Design," page 691, Volume 24, presents a
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valuable and comprehensive treatise on the design of multiple-level freight

houses. It is suggested that these articles be reviewed in connection with

this report, as many points pertinent to this subject presented in these

articles, for the sake of brevity, will not be repeated.

This report will deal particularly with the economics of various tj'pes

of freight houses, involving both operating and investment charges.

CLASSIFICATION OF FREIGHT HOUSES

L.C.L., or less than carload, freight consists of freight received by

the railroads in comparatively small consignments and consolidated into

cars with other shipments going to the same destination. While it forms

a small part of the total railway- l(.)nnage (representing but 4.11 per cent,

of the total tonnage for the country in 1922), L.C.L. freight furnishes a

gross revenue per ton considerably higher than the average revenue for

all classes of freight. It also requires more elaborate terminal facilities,

due to the necessit}- of providing freight house facilities, than tonnage

handled in carload lots. The combined operating and annual investment

charges, particularly in cities where the value of the land occupied is high,

are excessive and the problem of reducing these costs is one of consider-

able importance to the carriers.

Depending on the class of business handled, L.C.L. freight houses

may be classified as outbound houses, inbound houses, transfer houses,

and combination houses.

The outbound house is a freight station in which freight is received

from the consignor generalh- by team or truck and is forwarded by rail.

The inbound house is a freight station in which freight is received

by rail and is held for the consignee who general^- calls for it with team

or truck.

The transfer house is a freight station in which freight is received

by rail and is forwarded by rail, the freight being transferred from the

car in which it is received to another car going to the proper destination.

Transfer houses are usually located at railroad centers or strategic points

for the assembling of freight into through cars.

The combination house may consist of a combination of any two, or

of all three, of the above types in one house. In nearly all inbound and

outbound houses some transfer freight is handled. Frequently, for the

purpose of obtaining a compact layout or easier supervision by one general

foreman, an inbound and an outbound house will be combined in one

layout, but usually such a terminal is readily divisible into units repre-

senting respectively the inbound house and the outbound house.

Until recent years all freight houses were, in substance, one-story

liuildings with tracks and driveways on the same level. Recently, however,

several freight houses have been built consisting of two or more levels,

and this leads to another classification.

A one-level freight house consists of a building with tracks and

drivcwav at the same level.



664 Yards and Terminals

A two-level freight house consists of a two-story building with drive-

way and freight house proper on one level and track and platforms on

another level, either above or below, the freight being conveyed from

one level to the other by mechanical means.

A two-track-level freight house consists of a two-story building with

tracks on each level. Each level may be operated as an independent unit,

or the two levels may be operated one in conjunction with the other as in

the ordinary type of two-level house. So far as known, no house of this

type has been constructed in this country, but at least two have been

proj ected.

A one-level house with auxiliary floors is essentially a one-level house,

having tracks and. driveway at the same level, but having additional floors

above or below the track level floor for inbound storage or warehouse

purposes. Likewise a two-level house may have auxiliary floors for stor-

age or warehouse use.

FACTORS OF DESIGN

In order that a freight house may be operated efficiently up to and

beyond its full rated capacity, it is essential that the various factors that

enter into the design of the house be so correlated that no one factor will

limit the capacity of the house.

The report of the Committee on Buildings, page 873, Volume 23, con-

tains an article entitled "Study of the Principal Factors which Govern

the Design of One-Level L.C.L. Freight Houses." This article discusses

in detail the factors- that enter into the design of freight houses. Most

of the factors discussed apply as well to two-level as to one-level houses.

A few of the more important factors of design will be reviewed briefly.

A word of caution is necessary in regard to the numerical values assigned

to any of these factors. The operating conditions at various houses are

so radically different that no values which can be assigned to these factors

will be reliable for all locations or all conditions of operation. Even in

a given house the factors are subject to variation from time to time. The

values given herein are believed to be average values, but in designing a

given house the values of the various factors should be checked by

observations taken under the local conditions.

(1) Design Tonnage.

The question of determining the tonnage for which a given house

should be designed requires careful research. The first item to be deter-

mined is the period in the future for which the facilities should be

designed. This period logically should represent the life of the facilities.

An assumed life of thirty to forty years will give ample time for amortiza-

tion of the cost of improvements, and owing to changing conditions or to

obsolescence, it is doubtful if an assumed life longer than this is justified.

The next step is to determine from the records and a careful analysis of

the various .
factors involved, the probable average daily tonnage to be

handled by the house at the end of the period. A study should then be

made to determine the daily, weekly, and seasonal variation of tonnage
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handled as compared to the average daily business so that this factor

can be taken into consideration. Generally, a house designed to handle

a tonnage 15 per cent, to 20 per cent, higher than the average daily

tonnage for a year will be able to take care of the normal peak tonnage

occurring during the year, though in some cases these percentages may
be greatly exceeded. It is not expected that a house will be built initially

capable of handling the estimated business thirty or forty years hence,

but it is sound policy to plan the facilities that far in advance and so

to arrange them that an initial unit large enough to care for present

needs can be built, new units being added as they become necessary.

The site reserved for future extensions need not be left idle, but may be

used for team tracks or leased for industrial use pending the time when
it is needed for freight house development.

(2) Average Car Loading in Tons.

This factor is subject to fluctuation caused by car supply, character

and volume of freight, and for any given locality it should be chosen to

represent the average local conditions. In the case of an outbound house

the required number of classifications and the distribution of the volume

of freight between these classifications influences the car setting required

and the average car loading in tons. Throughout this report an assumed

loading of 6 tons per car for outbound houses and 7 tons per car for

inbound houses will be used, but only for the purpose of illustration.

These figures are not recommended for use in design without a careful

check against local conditions. The loading per car has been increasing

at a slow rate and any radical or rapid increase is improbable, as the

heavy loading of L.C.L. cars can be obtained only by added expenditure

for stowing freight and is likely to result in heavy claims for damage
to goods in transit. Heavy loading of cars also slows up operation in

outbound houses. For these reasons heavier loading per car will prob-

ably come only as a result of the gradual increase in the size of cars.

(3) Gross Area of Floor Space per Ton of Freight.

This factor is important in inbound houses. In outbound houses it

docs not bear any important relation to the design of the house, as

practically no freight is stored in the house. In the operation of inbound

houses it is necessary to store nearly all of the freight on the floor of

the house long enough for the consignee to be notified of its receipt

and for him to call at the house for his shipment. It is obvious that

floor area must be provided for this storage. This area is subject to

variation with the fluctuation in the average detention time for the

particular house. In the article above referred to a gross floor area of

150 square feet per ton of daily capacity was recommended. Information

received by the Committee and subsequently discussed in this report

(Table 8, page 676) indicates that 130 square feet per ton of daily

capacity represents an average value and will therefore be used in this

report. It should be noted that- car-to-car transfer freight, which does

not go into the house, will not function in determining the area required.
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(4) Tonnage Handled Per Foot of Team Frontage or Tailboard.

A major part of the freight handled at an inbound or outbound
house is received from or delivered to teams and trucks backed up to

the house doors and it is evident that a relation must exist between
the amount of frontage so provided and the tonnage handled. If team
frontage insufficient to handle the design tonnage of the house is pro-

vided this factor will in itself limit the capacity of the house. Both
inbound and outbound houses are subject to dail}' peaks of business and
the tailboard should be made adequate for the maximum hour's business

rather than the average hourly business for the day. If this is not done

congestion is sure to result. Since the relation of the daily peak to the

average will vary in dififerent localities and different seasons, and

because of the great variation in the character of L.C.L. freight, the

tonnage which can be handled per linear foot of tailboard is subject

to considerable variation. However, a value of 1.12 tons per hnear foot

of tailboard per day will be assumed in the analyses which follow. In

determining the effect of this factor on the size of the house it will be

assumed that the tailboard frontage will extend the entire length of

the house.

PRINCIPLES OF ECONOMIC DESIGN

The costs involved in the handling of freight in an L.C.L. house

can be divided into investment or fixed costs and operating costs. The
annual investment costs include interest charges and taxes on the land

and the improvements and the maintenance and depreciation of improve-

ments. The operating cost is the actual cost of handling the freight and

operating the house. These will be discussed in greater detail later in

the report.

After a freight house has been constructed, the total investment

cost should remain practically constant during the life of the structure,

the principal variation being due to an increase or decrease in the value

of the land occupied. The annual investment cost per ton of freight

handled will vary inversely as the tonnage handled, being lowest when
the house is used to capacity. This suggests the wisdom of building

only as much of the house as is needed for the near future, and taking

care of increased growth by gradual increases in the size of the facilities.

In analyzing the cost of freight handling, investment cost is frequently

overlooked owing to the fact that it is not directly charged on the books.

On the other hand, operating cost is analyzed very closely. However,

the fact that the annual investment cost may exceed the total operating

cost emphasizes its importance.

In the design of a freight house, choice may be restricted to only

one location and that may be of an unfavorable size or shape. When
such is the case, the design is limited at the outset to the best arrange-

ment that can be made to fit the space available. In other cases, however,

a choice of locations may be possible, or by rearrangement of team

tracks and other facilities a site of favorable shape and size may be

made available. When it is possible to adapt the site more or less to

the needs of the freight house, great care should be taken to see that

the most favorable size, shape and type of facility is chosen.

The purpose of this report is to analyze the various factors o£ L.C.L.

freight house operation and design in order to establish their relation

to the operating and investment charges of the house. The impossibility
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of making a fixed analysis that will fit all conditions is recognized. The
great variation in the type of L.C.L. freight handled in various localities,

particularly as to the relation between weight, volume, and number of

pieces of the freight, makes it impossible to assume costs of freight

house operation that will fit all conditions. The advantage of determining

average operating costs for such an analysis is obvious. A questionnaire

designed to secure this information was prepared and forwarded to over

fifty of the leading railroads of United States and Canada in 1923 (page

839, Volume 24). The replies received were not in sufficient quantity

to justify any conclusions. It was decided, therefore, to confine the

questionnaires this year to members of the Yards and Terminals Com-
mittee who would make a personal effort to secure the information in

the form desired. The questionnaire as forwarded to the various mem-
bers of the Committee appears as Exhibit A. The names of the 13

railroads replying to the questionnaire, together with the number of

freight houses covered bj' each, appear in Exhibit B. General informa-

tion on the freight houses covered in the replies to the questionnaire is

presented in Table 1.

Table 1—General Information on the Freight Houses Covered by the Replies to the
Questionnaire

No.
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Unfortunately the operating costs required in the analysis and re-

quested in the questionnaire in most cases could not be obtained without

making careful observations extending over a period of time in order

that the labor required for the various classes of work could be properly

allocated. The assembling of this information in many cases was done

by operating officials not entirely conversant with the purpose for which

the information was desired. The method of operation and the system

of accounting employed at some of the houses made the securing of

the desired information exceedingly difficult. Because of these conditions

the results obtained were not entirely satisfactory. By careful analysis

of each house and by the elimination of those that could not be reduced

to a common basis, it has been possible to obtain considerable informa-

tion that will be presented and used as the basis of the analyses that

follow.

Cost of Tractor Trucking.

One of the objects of the questionnaire was to determine the cost

per ton of tractor trucking as affected by the average distance freight is

trucked. The actual determination of- tractor trucking costs per

ton and the average trucking distances in the more complicated houses

was a difficult task. These having been determined with a fair degree

of accuracy, a diagram showing the relation between the average truck-

ing distance and the cost per ton of tractor trucking, was produced.

However, it is apparent that many factors other than the average truck-

ing distance affect the cost of trucking. Rates of pay, trailer loads,

number of trailers in train, speed of train, kind of freight, condition of

trucking floor, and per cent, of time moving with load, all have an

influence on the cost of trucking. With all of these variables present,

it is remarkable that a curve showing the relation of cost to average

trucking distance could be drawn fitting the plotted points so closely.

Table 2 shows the cost of trucking per ton by tractor and the

average trucking distance for six houses. Five of the houses are out-

bound houses and one is a combined house. All handle a varying amount

of transfer freight. For the combined house both the cost of trucking

per ton and the average trucking distance represent the weighted average

for the inbound, outbound, and transfer tonnage. The cost of tractor

trucking includes the cost of tractor crew, cost of power, cost of tractor

maintenance, cost of helpers who make the trailers into trains, and a

proportion of the cost of direct supervision. No item is included to

cover the original cost of the tractor. This item when divided by the

total tons trucked in the life of a tractor is negligible, probably not

exceeding $.006 per ton. It will be noted that Table 2 shows the cost

per ton "as equalized." The cost as equalized is the equivalent cost with

a uniform basic rate of pay for the men engaged in handling the freight.

By this means the Committee attempted to eliminate differences due to

varying wage scales. Sufficient information is presented in the table so

that the costs can be reduced to Ynan-hours or adjusted to any rate of
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pay desired. The information, shown under the heading of "Average
Trucking Distance," was not furnished directly by the railroads. As
the determination of this distance is rather complicated, the Committee
decided that better results would be obtained by securing from the rail-

roads the necessary information for computing this distance than by

asking them to determine it either by calculation or field observations.

Information was obtained on the location of the setting, the doors

through which freight was received or forwarded, and various other

pertinent facts concerning the operation of the house. With this infor-

mation available the Committee determined the average trucking distance.

While the average trucking distance as thus determined cannot be con-

sidered absolutely correct, it is believed to be close enough for practical

purposes.

Table 2—Cost of Tractor Trucking

Number
of

House
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the length of haul. The other element represents the cost of the actual

movement of the freight and should vary in direct proportion to the

average trucking distance. Since data were not available for the de-

termination oC these elements separately for each of the houses reported

1^
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The speed will probably vary only slightl)', due to weather conditions,

condition of trucking floor and load per truck. The load per truck will

vary between wide limits on account of the character of freight handled.

Table 4—Cost of Hand Trucking

Number
of

House
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normal conditions should be less with four-wheel trucks than with two-

wheel trucks. The cost of hand trucking as determined by the equation

above given, while not entirely satisfactory, will be used in the analyses

which follow and will probably not be sufficiently far from average

values to alter materially any of the conclusions reached. The use of

one equation instead of varying it for two-wheel and four-wheel trucks

will also simplify the discussion which follows.

Comparative Economic Trucking Distance for Hand and Tractor

Trucking.

Tables 2 and 4 show the average trucking distance for houses

using hand trucking as 162.5 ft. and for those using tractor trucking as

370.5 ft. This is presented merely as information showing trend of

practice in tractor trucking and hand trucking.

Cost of Stowing Freight.

Table 5 shows the cost per ton of stowing freight at eleven

outbound houses. As before, the costs reported have been equalized to

bring them to a common basic wage. The cost of stowing includes the

movement of the truck from the house or platform through the run

to the proper car and stowing the freight in the car. The average num-

ber of cars in the run represents the average number of cars spotted

opposite the house or platform and through which freight is trucked

for stowing.

Table 5—Cost of Stowing Freight

Number of House
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representing the cost of unloading the freight into the car ; the other

part representing the cost of moving the freight from the house or plat-

form into the car and varying in direct proportion to the number of

cars in the run. As a check upon the location of this curve, observations

were made at House No. 2 to determine separately the items of cost

chargeable to the separate operations and the curve so determined checks

with fair accuracy the equation C ^.12+ .0367 N. Table 6 shows the

data on the cost of stowing at House No. 2.

Table 6—Information on Cost of Stowing in House No. 2

Item
Average Number
of Cars in Run

Tons
Handled

Total Cost
Dollars

Stowmen (actually engaged in stowing freight

in care)
Supervision (Direct proportion of Payroll)

Total...
Cost per ton.

Stowmen's Helpers (actually engaged in truck-
ing freight from house or platform through
"run" into car) !

Supervision (Direct proportion of Payroll)

Cost per Ton

.

6.01 8,281

1,091.98
112.83

1,204.81

.U6

962.41
106.26

1,068.67
.129

5

^5
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roboration. Mr. Lee, page 380, Vol. 15 (1914), reported an average cost

of $.04 per ton. The above figures do not take into consideration the

original cost of the elevator. However, the estimates of the cost of a

two-level freight house include the cost of elevators at $18,000.00 each.

This cost, therefore, is taken into consideration in comparing the cost

of one-level and two-level freight houses.

Table 7—Information on Freight House Elevators and Costs of

Elevating Freight
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with elevator speed, but as the time occupied by the elevator between

floors is relatively small compared to the time required for loading and

unloading, a wide range in elevator speeds will have a comparatively

small effect upon the time required per trip. The load per trailer will vary

between 1,000 lb. and 1,500 lb., depending upon the commodities han-

dled and the care used in securing full loads. A set of observations

covering a nine day period in one outbound house showed an average

load of 1,490 lb. hut this is probably larger than for most houses.

Assuming a trailer load of 1,200 lb., the maximum hourly capacity of an

elevator handling four loaded trailers and making a round trip in four

1200 60

minutes is 4x x— ^36 tons. The hourly peak of business in an

2000 4

outbound house usually occurs about the middle of the afternoon, and

business continues heavy up to the closing time of the house. The exact

extent of the peak and the time of its occurrence will vary in different

houses and even in a given house it will vary from day to day and from

season to season, so that no general statement can be made in regard

to it. However, it is essential in outbound house operation that the

freight be kept moving and especially so during the closing hours of the

day, in order that all freight received may go forward the same day.

Insufficient elevator capacity tends to cause congestion in the trucking

aisles, at the receiving doors, etc., and for this reason elevators should

be designed for maximum and peak-hour business rather than for average

daily business. In one house it was found that during the peak hour

the tonnage was occasionally double the average hourly tonnage and

that it averaged about 52 per cent, more than the average hourly tonnage.

This factor should be given careful consideration in determining the

number of elevators required for a given house. An elevator capacity

of 36 tons per hour is equivalent to 288 tons per eight hour day per

elevator, but if the maximum hour's business is twice the average hourlj'

business, it follows that twice as many elevators will be required. This

will give an average capacity per elevator of 144 tons per day. An
assumed capacity of 150 tons per elevator per day has been used in the

analysis of two-level houses. Mr. Lee (Vol. 15, p. 380) states that the

average capacity in existing houses is twenty tons per hour, but that the

elevators are capable of being speeded up to a capacity of 60 tons in

rush periods. On this basis the elevators should be designed for a daily

capacity of 240 tons per day. This capacity appears, however, to be ex-

cessive. One large freight house uses 6 five-ton elevators (capacity four

trailers) and 1 ten-ton elevator (capacity six trailers) or a total of 7

elevators in the inbound house. As the normal business handled is

approximatcy 700 tons per day this indicates a capacity of about 100 tons

per elevator per day. In the outbound house 6 three-ton elevators (ca-

pacity two trailers) and 1 ten-ton elevator (capacity six trailers) arc

used. The business handled is approximately 550 tons per day, indicat-

ing a capacity of about 60 tons per elevator per day (assuming the ten-
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ton elevator to be the equivalent of 3 three-ton elevators). In both

houses more elevators are available and the foreman states that the num-
ber used has been found most efficient in handling the business.

Inbound House—Gross Area of Floor Space per Ton of Capacity.

The information collected to determine the proper gross floor area of

freight houses required per ton of freight handled daily is presented in

Table 8. The gross area of the house does not include agent's office,

cashier's office, or stationery and file storage space. It does include

foreman's office, checker's booths, refrigerator room and similar space.

Platforms outside the house, or the track-level platforms in the case of

two-level houses, w^ere not included. All of the tonnages have been cor-

rected to eliminate car-to-car transfer, as this freight, not being handled

through the house, does not function in determining gross floor area of

the house.

Table 8—Gross Area of Floor Space Required at Inbound Freight

Houses
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order to determine the investment cost. For this purpose the Committee
has estimated the cost of typical one-level and two-level houses, platforms,

drives, etc. The unit costs, quantities, and the resulting cost per square

foot for these various types of construction are presented in Table 9.

Construction costs are not constant either as to time or as to locations

throughout the countr3\ Table 9 clearly shows the basis of the prices

used in the report so that adjustments may easily be made to suit any

desired conditions.

Cost of Spotting Cars.

In the determination of relative economy of houses requiring the

spotting of cars and houses where spotting is unnecessary the cost of

spotting is an important element. The Committee has obtained informa-

tion relative to this cost from two sources which indicate that the time

required per car for the spotting operation is approximately one minute.

The time to connect the cars amounts to approximately one-third

minute per car, making a total of one and one-third minutes per car for

the two operations. On the basis of a switch engine and crew cost of

$12.50 per hour, the cost per car is $.28. This cost reduced to a tonnage

basis for the assumed loading per car of 7 and 6 tons for inbound and
outbound cars respectively amounts to $.04 and $.047 per ton.

These figures do not include cost of switching other than that actually

resulting from the spotting of the cars. The above values will be used

for the cost of spotting cars in the analyses that follow.

In the detailed analyses of operating and investment costs an effort

has been made to approximate, as nearly as possible, actual conditions

existing at the present time. It is recognized, however, that the bases

used will not fit all conditions and the results obtained by the analyses

should not be accepted for any given location without checking against

local conditions. It is for this reason that the foregoing factors have been

discussed in such detail and presented in such a manner as to permit

readjustment of values if desired.

All of the analyses which follow are made on a common basis so that

conclusions drawn from a comparison of various houses and operating

conditions should be relatively correct. Each analysis will be explained

in detail so as to permit a recalculation of the results herein presented

to suit any desired condition. It is undesirable to burden the report

with analysis of all types and coml)inations of houses, but the major types

and a sufficient number of combinations are included to indicate a method
of analysis which can be followed to meet any condition. It is felt that

the principal advantage of such a presentation will be to indicate

tendencies of costs rather than actual costs for anj' particular type of

house.

While analysis may develop that for certain conditions a particular

type of house shows lowest investment and operating cost, or while it

may be known that a saving may be realized by locating a freight terminal

on cheaper land further from the business district, competitive traffic

considerations may be such that the more expensive type of house or

location is justified.
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In general, the width required for an outbound house is independent

of the length, it being necessary to provide a width great enough to.

afford space for Receiving the freight, adequate aisles for trucking, and

space for the standing of trucks. The exact width required is, in a

measure, dependent upon the type of trucking and the method of opera-

tion of the house, but once established it should prove adequate for the

house irrespective of its length. This assumption is not entirely correct

when applied to extremes (1,000-ton house, with a one-track setting,

requiring a length of 7,500 ft., or a SOO-ton house with a fourteen track

setting requiring a length of only 270 ft.) but for practical purposes is

not materially in error. The width of driveway is likewise independent

of the length of house, the requirement being the provision of standing

space for trucks backed up to the house and space for two lanes of travel

lengthwise of the driveway.

Where conditions will permit, a public street is often made to serve

as the driveway. However, when this is done it is usually necessary to

set the house back from the street line some distance so that the standing

teams will not interfere with the street traffic. Where two freight houses

can be served by a common drive the total width of the driveway will

be less than if each house required a separate one. In the studies which

follow it has been assumed that each house would require a separate

drive independent of a public street. In the analysis of a particular

freight terminal where a joint -drive may be made to serve two houses,

or where advantage may be taken of a public street, the method of

analysis may be varied to fit the actual conditions.

The width of car setting varies inversely with the length of house,

the total area remaining constant. The area occupied by lead or ladder

tracks increases as the length of house decreases because of the greater

number of tracks in the setting. The net result of these tendencies, par-

ticularly on account of the constant width of the house and driveway, is

toward a decrease in the total area occupied by the facilities with a

decrease in the length of house. From the standpoint of investment

costs then the short house with a large number of tracks in the setting

is to be preferred.

The operating costs in an outbound house may be divided into cost

of receiving and checking, cost of longitudinal trucking, cost of stowing,

cost of miscellaneous labor, and cost of supervision. The only items

that will be affected directly by an increase or decrease in the length

of the house are the cost of longitudinal trucking and the cost of stow-

ing, and for the purpose of this analysis these two costs will be con-

sidered as variables, the other costs being considered constant.

The element of longitudinal trucking, or trucking in the direction

of the length of the house, involves the transporting of freight from a

point opposite the door at which it is received to a point opposite the run

in which it is to be stowed. The unit expressing the quantity of trucking

should Include both the weight of freight moved and the distance through
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which it is moved. A convenient unit is a ton of freight moved a distance

of one hundred feet.

Table 2 and Graph 1 show the variation of cost of tractor trucking

with a variation in length of house. It is apparent that from the stand-

point of tractor trucking cost the house should be as short as possible.

The operation of stowing consists of moving the loaded truck from

a point in the house opposite the run to the particular car in the run to

which the freight is destined, unloading it from the truck, and packing

or stowing it in the car ready for shipment.

Where hand trucking with two-wheel trucks is employed, the truck-

ing from the receiving door to the car usually is performed in one

operation by one man, and the analysis must take this into account. The
amount of freight destined to each run increases as the house is shortened,

due to the greater number of cars in the run. For the same reason,

the average distance the freight must be transported from the house to

the car increases as the house is shortened. From these facts it is logical

to assume an increase in the cost of stowing per ton as the length of

house decreases. Care must be taken to see that the method of opera-

tion is adapted to the number of cars in a run, so that maximum efficiency

of labor is obtained. Loss and damage claims mount rapidly with care-

less or unskilled stowing. It is very desirable to have some one man
responsible for the stowing in each individual car, making it rela-

tively easy to check up on careless stowing. For this reason the stowing

should preferably not be done by truck men but by men assigned especially

for this work.

To secure maximum economy in stowing it is necessary that the

number of cars assigned to each stowman be the maximum number he

is capable of handling.

It is possible for any proposed one-level outbound house to plot a

series of curves showing the variation in investment costs, cost of longi-

tudinal trucking, and cost of stowing with the variation in length of the

house. Such curves show at a glance the most economical length of

house. For the purpose of illustration, a house of 500 tons per day

capacity will be assumed, and curves will be developed to illustrate the

variation in costs. It will be assumed that the freight averages 80 per

cent door freight and 20 per cent car-to-car transfer freight. With an

average loading of 6 tons per car, the outbound car setting required

will be 500 -^- 6 or 83 cars.

The investment costs represent interest charges and taxes on land,

and interest charges, taxes, depreciation, and maintenance on the im-

provements. The percentages assumed for these various charges are

indicated below:

Interest Taxes Maintenance Depreciation Total

Land 5.5 1.5 ... ... 7.0
Improvements 5.5 1.5 0.5 0.5 8.0

In the consideration of any particular terminal, proper values .should

be selected to suit local conditions.
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It is assumed that tractor trucking will be used. The average truck-

ing distance is determined as follows

:

Fig. 1 shows a typical outbound house with driveway on one side,

and car setting on the other, and with continuous doors along both sides

of the house. It will be assumed that freight is received with uniform

intensity along the driveway side and is distributed with uniform intensity

to the doors along the track side.

Let T = the total tonnage handled
L= the length of house
d = the average trucking distance

X = the distance from the left end of the house to any
point in the house

dx=an element of length of house located a distance x
from the left end of the house

_ T dx
Then the tonnage received in this length dx = (1)

L
Of the tonnage received in the length dx, the portion moving into

x dx
cars to the left of point x = — . T .

— (2)
L L

X
and the average trucking distance for this tonnage = —

2

L—

X

dx
The portion moving into cars to the right of x = . T . (3)

L L
L—

x

and the average trucking distance for this portion=
2

Then the weighted average trucking distance for the freight received

X X Tdx L—X L—X Tdx
in the length dx = — .

— . + .
.

2 L L 2 L L
(4)

T . dx

L
x=+(L-x)^

Simplifying, equation (4) ^ (5)

2L
Equation (5) represents the average trucking distance for the freight

received in a length dx of the house located a distance x from the left

end. The average trucking distance for the entire house is -obtained by

adding together the products of each element of tonnage and its trucking

distance, and dividing this sum by the total tonnage of the house. This

may be expressed algebraically as follows

:

L

[x=+(L-x)^].dx (6)

(7)

d =
/

Inl



Ya rds and Terminals 683

Analysis of equation (5) shows that, as x varies from O to L, d varies

L L L
from— to—(being least when x = —, or when freight is received at the

2 4 2
center of the house. During periods of the day when it is unnecessary to

open all of the receiving doors economy in trucking will result from open-

ing doors near the center of the house.

The above analysis is based upon a uiiilorm distribution of freight

along both the driveway and track sides of the house, a condition which

will probably never be obtained in practice. Mr. E. H. Lee (page 243,

Volume 16), found from observation of six freight houses an average

trucking distance equal to .556 L for the round trip, including the leturn

of the empty truck, or equivalent to an average trucking distance of .278 L
for the truck moving with load. In the analyses which follow, the longi-

tudinal trucking distance for this condition will be assumed as .3 L.

The investment and operating costs for this house are show^n in Table

10 and Graph 4.

The lowest combined investment and operating costs are found w'ilh

a length of 540 ft. or a seven-track setting. With a shorter house the

cost rises very slowly but regardless of cost there is a limit to the

minimum length of house set by practical considerations.

If a house could be constructed with more than ten tracks, it

would be found that the amount of freight destined for each run would
be so great as to result in congestion which would greatly retard

the operation of the house. It would be found also that the available

team frontage would not be great enough to receive the freight. For

this particular house it is assumed that 80 per cent, or 400 tons per day,

is door freight. The minimum length of house, as limited by team front-

age capacity, is 400 ~^ 1.12 = 357 ft. The ratio of transfer freight to

door freight is subject to change, due to change of policy or to change in

traffic conditions and it is desirable to provide team frontage facilities

sufficient to care for the full capacity of the house. This would require

a minimum length of 500 ~i- 1.12 == 447 ft., corresponding to eight tracks.

One factor not included in the above analj^sis is the effect upon cost

of switching produced by a variation in the number of tracks in the set-

ting. It is probable that the cost of switching, other things being equal,

should be less with few^ tracks in the setting than with a greater num1)cr

of tracks. This factor, however, has not been taken into consideration.

The conclusion to be draw-n from the foregoing analysis is that in the

interest of low total operating and investment costs, the house should be

made as short as the limitations of team frontage capacity will permit

—

a house with 7 to 8 cars per run, and of such a length as will give the

required capacity.

Increasing the capacity of this type of house may be accomplished

readily by the simple expedient of increasing the length of house, driveway,

and tracks. The relation of team frontage to house capacity, and the

cost of stowing are not affected by the increase in capacity, and the in-

vestment cost is affected but slightly. The item of longitudinal trucking

cost is affected because of the increase in the average trucking distance.
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Graph 5 shows the variation in the capacity, and the investment and

operating costs of an outbound house having a seven-track setting. It

will be observed that a house 1,260 feet in length and having a capacity

of 1,176 tons has a combined investment and operating cost per ton of

i

5
lO /-? /35 6 7 8 3

Lengfh ofHouse in HundredFt.
300 'KO 500 600 700 BOO 900 1000 1/00 120

Capacity ofHouse in TonsperDay

Graph 5—Variation in Capacity and Annual Investment and Operating

Costs of an Outbound House having a 7-Track Setting (Land Value

$6.00 per sq. ft.).

$1,147, whereas the 1,260-foot house, shown in Table 10, with three-track

setting and a capacity of 500 tons, has a combined investment and operat-

ing cost of $1,436 per ton, a difference of $.289 per ton. This emphasizes

the wisdom of building a house of the shortest length consistent with ade-

quate team frontage and providing for increasing capacity requirements

by extending rather than remodeling of the house.

DRIVEV/AY HOUSE

TRANSFCR TRAO<7 PLAN
Fig. 2—Section and Plan of One-Level Outbound House with Platforms.

The outbound house analyzed above has no platforms between pairs

of tracks, which necessitates the spotting of cars. To afford a compari-

son of costs, another house of the same capacity but having island plat-

forms will be analyzed. Figure 2 shows this type of house. The same
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assumptions have been made as to land value, cost of improvement, and
unit stowing and trucking costs as for the other type of house.

A fixed bridge or platform 16 ft. wide connects the island platforms
.

with the house at the stub end, and at intervals not exceeding eight car

lengths movable trucking bridges 16 ft. wide likewise connect the plat-

forms with the house. It has been assumed that tractor trucking will be

used. For each length of house the average trucking distance has been

determined by the methods outlined on page 693 of this report.

It will be observed from Table 11 that costs have been determined

only for lengths of house having an even number of tracks in the setting.

It is obvious that with this type of house the odd-track setting requires

the same number of"platforms as the next higher even-track setting, and

the eflfect of this is to distort the curve. For this reason only the even

track settings have been used in the analysis.

Table 11 and Graph 6 show the investment cost and the operating cost

for this type of house. The house with minimum combined cost has a

length of 527 feet and an eight track setting. As the minimum length

determined by team frontage is 447 ft., it is also the minimum practical

length of house. Table 10 shows a cost per ton of $1,158 for the house

without platforms, and Table 11 shows a cost of $1,179 for the house

with platforms, indicating practically no choice between them from an

economic standpoint. Since the house with platforms occupies a greater

relative area than the house without platforms, any decrease in land value

below the $6.00 per sq. ft. assumed in this analysis will favor the house

with platforms, whereas an increase will favor the house without plat-

forms. This is illustrated below

:

Total Investment and Operating Cost

Land Value $0.00 $6.00 $20,00

House without platforms 0.692 1.158 2.226

House with platforms 0.520 1.179 2.717

Figure 3 shows another variation of a one-level outbound house which

can be used. Essentially it consists of two outbound houses with the

setting between. One or more island platforms separate the setting into

groups of tracks, these island platforms being connected to the houses at

several points by trucking bridges. Since team frontage is provided on

House DWEWAV

^^OOQOQQQQQ^^
Fig. 3—Section of One-Level Outbound House with Tracks Between Two

Houses.

both sides, the total number of tracks as limited by team frontage may
be as high as fifteen or sixteen. As compared with a simple-type house

of the same capacity this house should have somewhat lower costs for

longitudinal trucking, slightly higher investment costs, and about the

same stowing costs.

Analysis of this type may proceed along lines similar to those indi-

cated above for the simple type of house.
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ONE-LEVEL INBOUND HOUSE

Inbound house operation is the reverse of outbound operation, the

freight being received in cars, trucked into the house and dehvered to

teams or trucks. There are a few essential differences which arise from
this reversed operation. As soon as the freight has been unloaded from a

car, the car may be removed to make room for others. It is practicable

and customary to make two settings per day, thus reducing the require-

ments for track facilities as compared with an outbound house. If it

can be arranged to "pull" the house during the noon hour, practically all

interference with the truckers will be avoided. If it is necessary to make
more than the two settings per day, it will probably result in some delay

to the trucking operations.

Because of the desirability of pulling an inbound setting during the

day and the resulting delay occasioned by the necessity of spotting cars,

it is more desirable to have all tracks adjacent to a platform in an inbound

than in an outbound setting.

In the operation of an inbound house, it is necessary that freight be

held on the floor of the house until the consignee has been notified and

has called for the shipment. Usually an allowance of 48 hours' free time

is made and after the expiration of this free period, a storage charge is

made. In some houses freight not called for at the expiration of the

free period is consigned to a warehouse company for storage. Storage of

freight in the house requires a considerably larger house for a given

capacity than is required for an outbound house.

Analysis of the trucking costs in an inbound house is more com-

plicated than in an outbound house because the trucking covers an area

instead of a line, and the operating methods in inbound houses are

not as well standardized as they are in outbound houses. Trucking

costs will be analyzed for a few of the more common methods of opera-

tion, and for any case not covered the same general methods of analysis

may be applied.

The methods of storing freight on the floor of an inbound house are

subject to considerable variation, and these variations have an effect on

the average distance freight is trucked and also upon the cost of truck-

ing. The floor of the house is divided into rectangular sections by longi-

tudinal and transverse trucking aisles, the sections being small enough in

size so that any freight stored therein can be located readily. Usually

these sections are either numbered consecutively or lettered alphabetically.

In some houses it is the practice to unload all freight into the most con-

venient section directly opposite the car in which it is received. When
the freight is called for, the consignee is directed to the delivery door

opposite the section in which his shipment is stored. If each consignee

were to receive but one shipment each time he called at the house, this

method would be ideal from the standpoint of reducing trucking costs to

a minimum. However, the larger business concerns frequently will call
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for several consignments at the same time, and as these may be stored

in as many different sections, it is necessary either that the shipper call

at several delivery doors to receive his freight or that the freight be

assembled for him from the several sections of the house to one delivery

door. The consignee objects to the first method as it necessitates sev-

eral moves of his team or truck in collecting his freight. It is also objec-

tionable to the railroad in that it produces inore or less confusion in the

driveway, and somewhat lowers the driveway capacity. For these rea-

sons usually the house employees assemble the freight for the consignee

at some convenient door.

At other houses it is the practice to assign a particular section of

the floor to each consignee, and freight for that consignee is stored in

that particular section regardless of the location of the car in which it is

received. The amount of space allotted to each consignee can be ad-

justed easily to the amount of business he docs, the larger consignee being

assigned several sections and the smaller consignee perhaps sharing a

section with someone else. The advantage of this system is that it enables

a consignee to know where his freight will be stored in the house, and

he usually will call at the nearest available door, thus minimizing the

labor involved in assembling his freight at the delivery door.

Another method of handling inbound freight consists in storing the

freight in any convenient section regardless of consignee or location of

car in which the shipment is received, and the delivery of the shipment

to the consignee at whatever door he happens to call. This method does

not have much to recommend it, as it undoubtedly I'esults in greater

average trucking distance than either of the other methods. It also tends

to result in more or less confusion in operation. However, when a house

is being operated to or beyond its designed capacity, this method probably

allows a more uniform distribution of the freight throughout the house

than any other method.

Another factor complicating the analysis of trucking costs in an

inbound house is the variety of methods of trucking. Tractor trucking

is not adapted as well to the needs of an inbound house as it is to the

needs of an outbound house. The ideal situation for low tractor trucking

costs is a large amount of freight following one route permitting "train"

operation and the heavy loading of the tractor. If freight is moved from

the car to the section of the house adjacent, then the haul is probably

too short to justify tractor operation. The assembling of freight from

the various sections to a delivery door does not lend itself readily to

tractor operation. The item of trucking .in an inbound house that is

probably the most readily adaptable to tractor operation is the haul from

the house or platform opposite the car to a point on the track side of the

house opposite the section where the freight is to be stored. This is par-

ticularly true if the freight is stored alphabetically or by some other

method requiring considerable longitudinal haul.
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In the analysis of trucking costs it is necessary that the average length

of trucking or average trucking distance be known. If the trucking con-

sists of different operations subject to different unit costs, the average

trucking distance for each of these distinct operations must be known.
In a house that is in actual operation the actual average trucking distance

may be obtained by means of a complete series of observations including

the tonnage handled and the distance traveled for each truck load. How-
ever, this involves considerable work and moreover it cannot be applied

in determining the average trucking distances for a projected house. The
only remaining procedure is to make assumptions as to the routes traveled

by freight in passing from a given car to a point in the house, to make
further assumptions as to the distribution of the freight over the area

of the house, and from these assumptions to arrive at a figure for the

average trucking distance. In a house that is being operated, the assump-

tions made can be checked against the actual operating conditions, and

in the case of a projected house, the assumptions made should agree as

nearly as possible with the methods of operation to be used in the house.

Since inbound houses have trucking aisles parallel to and transverse

to the length of the house, and since the trucking is confined to these

aisles, any part of the trucking may be sub-divided into components parallel

to and transverse to the length of the house, called, respectively, longi-

tudinal trucking and transverse trucking.

As developed in equations (1) to (7), when freight is received uni-

formly along one side of a house destined uniformly to points along

the other side of the house, the average longitudinal trucking distance

will be assumed as .3L. If instead of being received pniformly along one

side of the house and distributed uniformly to the other side, the receipt

is all concentrated at a point distant x from the left end of the house and

it is distributed uniformly to the other side, then the average trucking

distance for the tonnage so received is (See equation 5).
2L

When X = or L, or when receipt is concentrated at either end of the

L L
house, then the average trucking distance equals —. When x =— or

2 2
when receipt is concentrated at. the center of length of the house, the

L
average trucking distance equals — . The average trucking distance for

4
freight whose receipt is concentrated at a distance x from the end of the

L L L
house then varies from — to — as x varies from to — . By a combina-

2 4 2
tion of the principles outlined above it Is possible to determine theoretically

the average trucking distance for almost any design of house and for any
assumed methods of operation.
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Inbound House Without Platforms Between Tracks.

An analysis will now be made of an inbound house of 500-ton capacity

without platforms between the tracks. (See Fig. 4.) A gross floor area

of 130 sq. ft. per ton requires a total area of 65,000 sq. ft. With the

assumed loading of 7 tons per car, the daily car capacity will be 500 -^ 7 or

72 cars. With two settings per day, the required car capacity will be

provided with track facilities for 36 cars.

INBOUND
DRivewAy House setting

Fig. 4—Section of One-Level Inbound House without Platforms.

It has been assumed that freight for a particular consignee will be

trucked from the car to a definite section in the house, and will then go

out through the door directly opposite the section. It has also been

assumed that the trucking lengthwise of the house will be done by tractor,

the trucking across the house being done by hand. The average trucking

distance for the tractor trucking is .3L, and the average trucking distance

for the hand trucking is the width of the house plus the distance from
the house to the center of gravity of the setting.

Table 12 and Graph 7 show the variation of investment and operat-

ing costs for various numbers of tracks in the setting. It will be observed

that there is a uniform decrease in total cost per ton with an increase

in the number of tracks, although between a two-track and a five-track

setting the decrease is small. The minimum length of house as limited by

team frontage capacity is 500 -^ 1.12, or 447 ft., corresponding to a three-

track setting.

Inbound House With Platforms Adjacent to Tracks.

To afford a comparison between houses where the spotting of cars

is required and houses where spotting is not required, a house similar to

the one described above, but with island platforms and trucking bridges

has been analj'zed. It has been assumed that a fixed trucking bridge or

connecting platform would be placed at the stub end of the house, con-

necting the house with the various platforms and removable trucking

bridges would be placed at intervals not exceeding nine car lengths, or

405 ft. When the total length of the setting is less than nine car lengths

it has been assumed that the removable bridge would be placed at the

lead end of the setting. To avoid the necessity of spotting cars at the

house doors a platform six feet wide has been placed adjacent to the

house. It has been assumed that freight will move from the car in which

it is received along the platform to the nearest trucking bridge and thence

into the house ; the trucking from the platform to house and the longi-

tudinal trucking in the house being done by tractor, and the trailers being

moved transversely in the house by hand. To illustrate the method used

in determining the average trucking distances computations will be shown
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in detail for a 572 ft. house. Fig. 5 gives the dimensions of the house.

Freight from the first track, or 12/36 of the total, moves directly to the house,

and the average trucking distance for this freight is .3L, or 172.6 ft. The
freight moving over the left trucking bridge is 4J/2 X 2 = 9 cars, or 9/36

of the total tonnage. The distance from center of car to center of plat-

form is 15 ft. The average distance from the car to the center of the

4^X45
trucking bridge is + 8 = 109.25 ft. The distance from the plat-

2
form to the house is (6 + 26 + 9) = 41 ft. The average trucking distance

(8= + 564=)

in the house is = 278 (See equation 5). Then the total aver-
2 X 572

age trucking distance for freight moving over the left trucking bridge is

(15 + 109.25 +41 + 278.1) = 443.35 ft. The freight moving over the right

trucking bridge is lYi X 2 = 15 cars, or 15/36 of the total tonnage. As before

.QQPP
SECTION

Fig. 5-

PLAN

-Section and Plan of One-I.cvel Inbound House with Platforms.

the distance from center of car to center of platform is 15 ft. The average dis-

tance along the platform from car to trucking bridge is 109.25 ft. for freight

3X45
from the left (see above) and + 8 = 75.5 ft. for freight from the

2
right. As 9/15 of the freight moving over the bridge is from the left,

and 6/15 is from the right, the weighted average distance is

9/15X109.25 + 6/15X75.5 = 96.0. As before, the distance from the

platform to the house is 41 ft. The average trucking distance in the house

143= + 429'

is := 178.7 ft. Then the total average trucking distance for freight

2 X 572
moving over the right trucking bridge is (15.0 + 96.0+ 41.0+178.7) =
330.7 ft.

The average trucking distance for the house is as follows

:

From house track 12/36 X 172.6= 57.5 ft.

From left trucking bridge 9/36 X 443.35 = 110.8 ft.

From right trucking bridge 15/36 X 330.7= 137.8 ft.

Average trucking distance = 306.1 ft.

Similar computations have been made for each length of house to

determine the average trucking distance. The details will not be repeated.
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Assumptions regarding investment and operating costs, capacities, etc.,

are the same as for the house without platforms.

Table 13 and Graph 8 show the variation of investment and operat-

ing costs with various numbers of tracks in the setting. It is obvious

that with this type of setting the cost will be proportionately higher for

a setting with an even number of tracks than for a setting with an odd
number of tracks, since the same platform facilities are required for an

even track setting as for the next larger odd track setting. To avoid the

influence of this factor only the odd number of track settings were con-

sidered. The minimum length of house as limited by team frontage capac-

ity is 500 -r- 1.12, or 447 feet, corresponding to a two-track setting.

A comparison of Tables 12 and 13 shows that where cars are spotted

the combined cost per ton is $.988 and where cars are not spotted it is

$1,057, a difference of $.069 per ton in favor of the house where cars

are spotted.

Since the house with platforms occupies relatively more land than

the house without platforms, a decrease in land values below $6.00 per

sq. ft. will favor the house with platforms, whereas an increase above

this value will favor the house without platforms. This is illustrated

below

:

Combined Investment and Operating Cost

Land value $0.00 $6.00 $20.00
House without platforms 0.613 0.988 1.863

House with platforms 0.604 1.057 2.112

Where the inbound and outbound tonnage is not sufficient to require

independent houses of extraordinary size, there are advantages to handling

both inbound and outbound business in a combined house, so arranged

as to have the setting located between two independent houses connected

at the bumper end of the tracks by a continuous platform. One side of

the setting can then be used for inbound and the other for outbound

business. This arrangement has the advantage of elasticity, as it is

possible to vary the number of tracks in the inbound and outbound set-

ting to meet fluctuations in business. It also permits easy transfer of

freight frorh the inbound to the outbound house.

TWO-LEVEL FREIGHT HOUSES

The two-level house requires less land for a given capacity than a

one-level house, tending to lower ground rental, but the cost of improve-

ments is greater, tending to increase the investment cost. The cost of

stowing and trucking should be somewhat lower for a two-level house,

but to this must be added the cost of elevating freight. There are so

many variables involved in the determination of whether a one-level or

a two-level house will show the lower cost per ton under given conditions

that each situation must be analyzed carefully in the light of local

conditions.
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Aside from cost some of the factors influencing a choice of house

are here enumerated. If street and track grades are separated, the two-

level house will afford easier grades for the shipper than the one-level

house. The .cost and the space required for an inclined ramp will also

be saved. This ma}^ not apply for locations having team tracks in the

vicinity of the freight houses as a ramp serving the team tracks might

also serve a one-level freight house.

Two-level houses are not as seriously affected by the distance between

streets as are one-level houses as in the former it is possible to do all

of the longitudinal trucking at track level beneath the street.

Two-level houses, due to their higher first cost and more permanent

type of construction, are not as easily remodeled or altered to suit

changing conditions as are one-level houses.

Development of air rights for other than railroad uses can be

executed as advantageously over one-level freight houses as over two-

level houses. The presence of a freight house floor at street level may
be an actual detriment to air right development, and may affect adversely

the value of the air rights. Frequently the air rights above railroad

property result in much greater returns to the railroad when devoted

to other than railroad purposes than when developed strictly for railroad

uses, and this factor should not be overlooked.

Where grades are separated, a two-level house eliminates all inter-

ference between team and railway traffic. Where conditions are favorable

this may also be accomplished with a one-level house by proper location

of ramps, but increased length of travel for patrons of the house may
result.

The multiple-level type of inbound house with more than one floor

for storage or warehouse purposes is the most economical in ground

area occupied. No analysis has been presented to determine its relative

economy in total cost.

It will be found that economy in a two-level house results from

making the house as short as possible consistent with providing sufficient

tailboard and elevator capacity. As the length of the house decreases,

the capacity remaining the same, the total area of the facilities decreases

and the trucking costs decrease. The cost of elevator operation will not

be affected if the elevators are so distributed as to be used approximateh"

to capacity.

Two-Level Outbound Houses.

As was stated in the discussion of the one-level outbound house,

experience seems to favor the spotting of cars rather than the provision

of trucking platforms between each pair of tracks. The simplest type

of two-level house, shown in Figure 6, consists of a house served by

a driveway on one level, and the track setting served by a platform on

the second level, either above or below. The receiving and checking are

done on the driveway level. The longitudinal trucking may be done

either on the driveway level or on the track level, but it should be

confined to one level or the other in the interest of economy of design.
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In general a more balanced design will result if the longitudinal trucking

is confined to the driveway floor, only the stowing being handled from
the track-level platform. As with the one-level house, the minimum
length of house is limited by the requirements for team frontage or

tailboard, and ihc principal advantage of a two-level over a one-level

house is the saving in ground space. The number of tracks is limited

to 7 or 8.

Some outbound houses have been constructed with several platforms

on the track level, but there are one or two decided advantages in having

but one track-level platform, the freight being stowed from this platform

to either side. One advantage is the conservation of space, as space

concentrated on a single platform can be used to greater advantage

than the same amount of space in two or more smaller platforms. A
second advantage is the closer spacing of elevators. If two or three

platforms must be served by elevators, it is apparent that either the

elevators must be spaced at greater intervals along the platforms or a

larger number of elevators must be installed than if all of the elevators

could be concentrated on one platform.

Where tractor trucking is used in a two-level outbound house it

usually is confined to either the upper or the lower level, the trucking

on the other level being done by hand. It can readily be seen that the

average trucking distance for this hand trucking is aflfected by the spacing

of the elevators, the closer spacing of the elevators corresponding to

a shorter trucking distance. The following analysis determines the spac-

ing of elevators which will give the lowest combined trucking and

elevating costs.

If the elevators are evenly spaced the number of elevators has very

little influence on the cost of tractor trucking. In a house 1200 ft. long

the average trucking distance for tractor trucking varies from 375 ft.

to 406 ft. with a variation in the number of elevators from 2 to 10.

This represents a maximum variation in trucking costs of less than $.006.

For the purpose of this analysis tractor trucking costs will be considered

constant. The items affected by elevator spacing are the cost of elevating

and the cost of hand trucking. The latter item consists of trucking

freight from the nearest elevator to the proper car, or from the door

to the nearest elevator.

Let P ^= the first cost of an elevator.

r = annual rate to cover interest, taxes and depreciation,
E = annual cost for an elevator operator, it being assmned that

each elevator will have an operator in constant attendance.
With automatic control "E" becomes 7.ei;o.*

T = total tons for the house per 5'^ear.

g = distance between elevators, in hundred feet.

L = length of house in hundred feet.

Ce =cost of elevating per ton.

Cht^^cost of hand trucking per ton.

•There is considerable difference of opinion as to whether this is true. In some
houses automatic confrnl has been abandoned because the cost of an elevator operator
was less than_ the cost of time lost by truckers waiting for the elevator. In other
houses the claim is made that no time is lost on account of automatic control.
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If it is assumed that the cost of power and of maintenance are in

direct proportion to the tonnage handled, an assumption which is probably

close to the truth, these items can be eliminated as they are independent

of elevator spacing.

The annual cost per elevator ^^ (Pr-|-E) (8)
L L

The number of elevators=— (the end elevators each being— from
g 2g

the ends of the house) (9)
I L

(Pr + E)7 (Pr+E)L
The cost of elevating per ton Ce = (10)

T gT
g

The average trucking distance for hand trucking , and the cost

4

g
of hand trucking per ton= Cht= .13 + .06 X

—

(11)
4

(Pr + E)L
Adding equations (10) and (11), (Ce +Cht) = +.13 +

gT
.015 g (12)

d(Ce + Cht) — (Pr + E)L
Differentiating = + .015 (13)

d g g' T
To determine the value of g that gives a minimum value for

(Ce + Cht) the first derivative is placed equal to zero and solved for g.

(Pr+E)L
Accordingly, h -015 = (14)

\ g^T

I

(Pr + E)L
Solving, g= (15)

V .015 T
Equation 15 gives directly the spacing of elevators g, and the num-

L
ber of elevators so determined equals— . If the number of elevators as

g
determined by equation (15) is less than the number found by dividing

the total tonnage per day by the capacity in tons per elevator per day,

the latter number should be used, but if the number determined by equa-

tion (15) is greater than the number as determined by capacity, it means

that the saving in hand trucking costs more than offsets the cost of

additional elevators and the increased number should be used without

regard to capacity.

To show the effect which length of house has upon operating costs,

an analysis will be presented of a 500 ton two-level house of the type

shown in Figure 6.
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Table 14 and Graph 9 show the investment costs and the operat-

ing costs for this type of house. Up to an eight-track setting both in-

vestment and operating costs decrease with an increase in the number
of tracks. Beyond 8 tracks there is a further slight decrease in invest-

TRANSTER
PLAirORM

|nn||nniiinn gElg
0UT80UND snri/se

Fig. 6—Section of Two-Level Outbound House.

ment costs, but operating costs increase. The minimum length of house

as limited by team frontage is 447 feet, corresponding to an eight-track

setting.

Figure 6 illustrates the point that in a separate two-level outbound

house, except for a relatively long house with 4 tracks or less In the

setting, the area occupied on the track level is greater than that occupied

on the driveway level. The arrangement most economical of space would

be that one which occupies equal areas on the track and driveway levels,

but this is impossible of attainment in an isolated two-level outbound

house. The area on the driveway level not occupied can be developed

for warehouse or other purposes, thus reducing the land rental charges

applicable to the outbound house.

The type of two-level outbound house shown in Figure 7, having

driveways on two sides of the house, may be advantageous for a house

of extremely large capacity, where the type shown in Figure 6 would
require an extreme length of house to give the required capacity. For

houses of ordinary size it has no advantages and will not be further

analyzed.

DRIVEWAY HOUSE DfflVEmY

DDD
OUTBOUND SETTING

Fig. 7—Section of Two-Level Outbound House with Two Drlvcwaj'S.

All of the two-level houses analyzed herein are shown as having

driveway and house above, with track setting below. It is possible to

invert this arrangement, placing the house and drives below and the

setting above. This results in heavier investment costs, however, due

to the necessity of carrying track loads on the building structure. Usually

the type to be chosen for a given location will be determined by the

topography or by the relation between street and track grades, but

where a choice is possible considerations of economy will favor the type

with tracks at ground level and house and driveway above.
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Comparison of One-Level and Two-Level Outbound Houses.

Graph 10 shows the relative investment per ton capacity for one-level

and two-level outbound houses without platforms, with a variation in

land values. For the particular conditions assumed the graph shows
lower investment per ton, which means lower annual investment costs,

for a one-level house up to a land value of $17.12 per sq. ft. These curves

/2CI00

Land Value in Dollars perSq. Ft.

Graph 10—Comparative Total Investment per Ton Capacity for One-

Level and Two-Level Outbound Houses.

are not of general application, being strictly true only for the costs that

have been assumed and the arrangement of facilities that has been con-

sidered. It should be further noted that these curves intersect at a very

flat angle, which means that for a wide range in land values the difference

in investment cost per ton as between a one-level and a two-level house

is relatively small. Moreover, the investment costs alone do not furnish

a true index of economy as the operating cost will differ for the two

types of houses. Graphs 11 and 12 have been prepared to show the rela-

tive costs of one-level and two-level houses for land values of $6.00 and

$20.00 per sq. ft. respectively. With a land value of $6.00 per sq. ft.

the one-level house is lower in both investment and operating costs, the

saving for a house with a seven-track setting being approximately $0.23

per ton. With a land value of $20.00 per sq. ft. the two-level house is

about equal in investment cost but higher in operating cost, the combined

cost being higher for the two-level house. For a house with a seven-

track setting this additional cost amounts to $0.12 per ton, representing

an annual cost of $17,000.

Many operating men object to the two-level outbound house on the

ground that elevator operation slows up the movement of freight during

the afternoon peak, making it difficult to clear the house and forward

all freight the day it is received. However, this objection undoubtedly

can be overcome by designing elevator capacity to fit the peak load.

The main factor in determining whether a one-level or two-level house

should be built, aside from the physical limitations of the site, is a

question of relative economy.
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SJ Z.OO

Number of Tracks in ^5effing

Graph 11—Comparative Annual Investment and Operating Costs of One-

Level and Two-Level Outbound Houses. (Land Value $6.00 per sq. £t.)

2 A 6 e

A/umber of Tracks inSefhing

Graph 12—Comparative Annual Investment and Operating Costs of One-

Level and Two-Level Outbound Houses. (Land Value $6.00 per sq. ft.)

Two-Level Inbound House.

Figure 8 shows a typical two-level inbound house with platform

between tracks. This is the customary arrangement for inbound houses,

and is the only type which has been analyzed for this report. The studies

made in connection with one-level inbound and outbound houses indicate

that there is a possible economy in eliminating all but one of the track-

level platforms and trucking through cars.

on QtbUaJ.,
IN30UND SETTING

Fig. 8—Section of Two-Level Inbound House.

As will be seen from Figure 8, the width occupied on the drive-

way level of a two-level inbound house is greater than that required on

the track level, this condition being just the reverse of that found for

a two-level outbound house. In the analysis presented herewith, rental
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has been charged for the entire area covered by the facilities, but it is

obvious that space on the track level might be used for team tracks or

other use, thus reducing somewhat the investment charges against the

house.

An analysis has been made of the type of house shown in Figure 8.

Table 15 and Graph 13 show the investment and operating costs for

this type of house. The minimum length of house as limited by team

frontage is 500 -^ 1.12 or 447 ft. The 378 ft. house with a four-track

setting could be altered slightly to meet this requirement.

Comparison of One-Level and Two-Level Inbound Houses.

Graph 14 shows the relative investment per ton of capacity for one-

level and two-level inbound houses with platforms. For a land value

less than $15.93 per sq. ft. the one-level house shows the lower invest-

ment cost. For a land value greater than $15.93 per sq. ft. the two-level

house shows the lower investment cost. It should be noted that the

curves intersect at a very flat angle, indicating that for a wide range

of land values the difference in investment is small. It should also be

noted that relative investment cost does not alone furnish a true index

of the relative economy of one-level and two-level houses. Operating

cost must also be considered. Graphs 15 and 16 show a comparison of the

investment and operating costs of the one-level and two-level inbound

houses for land values of $6.00 and $20.00 per sq. ft. respectively. With

the $6.00 per sq. ft. land value the one-level house shows an economy

of about $0.28 per ton over the two-level house. With a $20.00 per sq.

ft. land value the costs for the one-level house are about equal to those

for the two-level house, due to lower investment cost for the two-level

house. With still higher land value the two-level house would show an

economy, but where the land value exceeds $20.00 per sq. ft. it might

be cheaper to handle the freight by trap car or some similar means to

an outlying freight house built on cheaper land.

Two-Level Combined House.

It was noted in connection with the two-level outbound and in-

bound houses that the areas required on upper and lower levels are

HOUSE DRIVEWAY

MJkltUNni)
I

— —

,

.

pQnnnJJjQnf^
TPAtiSFER OUTBOUNDSETT/h 'N30Ur>'D SETTING

Fig. 9—Section of Tvvo-Lcvcl Combined Inbound and Outbound Houses.

not equal, and that for this reason maximum economy of land is not

possible. With a combined two-level house it is possible to make full

use of the area on both levels and thus secure a more economical arrange-

ment than with isolated inbound and outbound units. Analysis is here

presented of a combined house of this type (see Fig. 9).
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3. The probable growth of the business to be handled in a freight

house for the period of years within which the cost of the structure

can be amortized (probably 30 or 40 years) should be considered in the

design of the facilities.

4. The present average L.C.L. car loading of from six to eight

tons is affected by car supply, character of freight, volume of freight

handled and size of car, and will probably, continue to increase gradually

with the increase in the size of cars.

5. Tailboard frontage may determine the minimum length of house

for a given tonnage and should be provided for the full length of the

house. The average capacity of tailboard frontage is approximately

1.12 tons per linear foot per day and depends on the character and amount

of freight handled, and the hourly distribution of flow of freight through

the house.

6. The gross floor area of an inbound house should be provided at

the rate of approximately 130 square feet per ton of daily capacity of

house.

7. The width of an outbound house should be sufficient to provide

adequate aisles for trucking and sufficient space for standing trucks and

receiving freight but normally need not be aft'ected by the requirements

for storage of freight. A width of house of 50 to 60 ft. is adequate for

tractor trucking.

8. The cost of tractor trucking depends upon rates of pay, efficiency

of labor, trailer loading, number of trailers in train, speed of train,

character of freight, condition of trucking floor, quantity of freight and

length of haul.

9. The cost of tractor trucking, in dollars per ton, on the basis of

an average rate of pay for labor of 51c per hour, can be determined

approximately by the equation Ctt = .14+ .0183d in which d represents

the average distance in hundred feet that freight is trucked, .14 repre-

sents the cost of making the trucks into trains and the expense of motors

when not actually engaged in the movement of freight and .0183d repre-

sents the actual cost of moving the freight.

10. The cost of hand trucking, in dollars per ton, on the basis of

an average rate of pay for labor of 48c per hour can be determined

approximately by the equation Qt = .13 + .06d, in which d represents

the average distance in hundred feet that freight is trucked, .13 repre-

sents the cost of that portion of the trucking operation which is inde-

pendent of the distance through which the truck is moved, and .06d

represents the cost of actually moving the freight.



708 Yards and Terminals

11. The cost of stowing freight depends upon rates of pay, efficiency

of labor, trailer or truck loading, character of freight, relative elevation

of car floors through M'hich freight is trucked, quantity of freight handled

and number of cars per run.

12. The cost of stowing, which also includes the cost of trucking the

freight from the freight house or platform through the cars, in dollars

per ton, on the basis of an average rate of pay of labor of 52c per hour

can be determined approximately by the equation Cs = .12 -\- .0367N, in

which N represents the average number of cars in each run through

which freight is trucked for stowing, .12 represents the cost of stowing

the freight in the cars and .0367N represents the cost of moving the

freight from the freight house or platform through the cars.

13. Loss and damage claims mount rapidly with careless and un-

skilled stowing. One man, assigned especially for that work, should be

responsible for the stowing of each car in his assignment.

14. Tractor trucking will materially reduce the cost of trucking

over hand trucking when the length of house and tonnage handled is

sufficient to justify its use.

15. The average trucking distance in an outbound house, where

the freight is received uniformly on one side and distributed uniformly

to the other, is theoretically one-third the length of the house. In prac-

tice, the average trucking distance for this condition approximates .3 the

length of the house.

16. The modern freight elevator is the only practical means de-

veloped to date and generally accepted in freight houses for the vertical

transportation of freight.

17. There are two general methods of elevator control—automatic

and manual, but opinions differ as to their relative economy. Most new

installations are equipped with automatic or push button control.

18. • The number of elevators in a two-level outbound house has

practically no influence on the average length of longitudinal trucking

on the driveway level if they are uniformly spaced, however, the num-

ber of elevators influences the average length of trucking on the track

level and also affects the capacity of the house.

19. The theoretical distance between elevators which will reduce the

average trucking distance to a minimum in a two-level house is repre-

_ |
(Pr + E) L

sented by the equation g— J rrrz; in which P= first cost of one

elevator ; r := annual interest rate ; E = annual cost of elevator operation

;

L = length of house in hundred feet ; and T = total yearly tonnage.
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20. Spotting cars at outbound freight houses is common practice,

the advantages being reduction in length of trucking and space occupied.

The objections are the added cost of spotting, and the increased cost

of trucking through cars.

21. The cost of spotting and recoupling cars, based on a switch

engine and crew cost of $12.50 per hour, amounts to approximately 28c

per car. These figures do not include cost of switching other than

actually used in spotting cars.

22. The outboiuid setting, where the capacity of the house will

permit, is usually left undisturbed during the period of freight house

operation, which makes spotting of cars less objectionable from an operat-

ing standpoint than at inbound houses, where it is common practice to

have two settings per day.

23. The inbound setting should be changed during the noon hour,

if two settings per day are required, thereby reducing to a minimum the

disturbance to the freight house operation. Where the normal volume

of business requires more than two settings per day, expansion of the

facilities should be considered.

24. The spotting of cars can be eliminated by constructing platforms

between each pair of tracks, connecting the platform to the freight

house by a platform at the bumper end of the tracks, and by truck-

ing bridges at intervals in the setting if the length of the setting is

sufficient to justify their installation.

2.x The annual investment and operating cost with platforms be-

tween tracks will exceed the similar cost where platforms are not pro-

vided and where cars are spotted if land values exceed $6.00 per sq. ft.

26. The total annual investment cost for a freight house remains

practically constant during the life of the structure, the principal varia-

tion being due to a change in the value of the land occupied, but the

annual investment cost per ton of freight handled varies inversely as the

tonnage handled, being lowest when the house is used to its maximum

capacity. The initial construction of the house should therefore, if prac-

ticable, be proportioned on the needs of the immediate future with pro-

visions for increase in the size of the facilities as the requircmcnls

increase.

27. Minimum operating costs can be attained in freight houses of

great capacity by locating the selling between two houses connected

at the bumper end of the track by a platform.

28. There arc advantages in handling both inljound and outbound

business in a comliinatinn house, so arranged as lo have the setting located
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between two houses connected at the bumper end of the tracks by a

continuous platform. One side of the setting can then be used for in-'

bound and the other for outbound business. This arrangement has the

advantage of elasticity, as it is possible to vary the number of tracks in

the inbound and outbound setting to meet fluctuations in business and

also permits easy transfer of freight.

29. Two-level freight houses are particularly adapted to locations

where streets and tracks are at different levels, due to topography or

grade separation. The elimination of inclined ramps by the two-level

house, if not required for other purposes, results in an economy of space

to the railroad, and is favorable to the shipper or consignee.

30. Two-level freight houses occupy less land per ton capacity than

one-level houses but result in higher building cost.

31. The cost of longitudinal trucking in a properly designed two-

level house should be less than in a one-level house, but this is offset,

at least in part by the cost of elevating freight.

32. Two-level houses, due to their greater first cost and more perma-

nent type of construction, cannot be altered to meet changing condi-

tions as readily as one-level houses.

33. The development of air rights above a freight terminal, for

other than railroad purposes, will probably justify a one-level as com-

pared to a two-level freight house development.

34. The multiple level inbound freight house, as far as economy

of space occupied is concerned, has a decided advantage over a one-level

house, as the excess storage space required can be provided on a third

level above the driveway and working floor space.

35. A two-level house completely eliminates interference resulting

from vehicles and locomotives operating on the same level.

36. The length of car setting in a two-level development need not

be affected vitally by the distance between streets, as longitudinal truck-

ing can be done below the streets at the car floor level.

37. A two-level outbound house as compared to a one-level out-

bound house should result in a very material reduction of stowing costs

if a loading platform is located in the middle of the setting on the lower

level.

38. No economy in total investment and operating cost for two-level

houses, as compared with one-level houses can be obtained where the

land value is much below $20.00 per square foot. With higher land

values, the two-level house becomes more economical.
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39. Two-level combination inbound and outbound freight houses

arc more economical in land, and therefore have lower combined annual

investment and operating cost than isolated two-level inbound or out-

bound houses.

40. Both inbound and outbound houses, as a general proposition,'

result in the lowest combined annual investpient and operating cost when

constructed of the shortest length consistent with providing adequate

tailboard frontage.

Exhibit A

QUESTIONNAIRE ON "COST OF VARIOUS ELEMENTS OF
FREIGHT HANDLING IN ONE-LEVEL AND TWO-

LEVEL FREIGHT HOUSES"

Committee on Yards and Terminals

Note.—Questions 1-14 apply to all classes of freight houses.

1. Name of railroad answering questionnaire?

2. Name, location and type of freight house reported herein?
Note.—In the publication of the data collected in this questionnaire,

the identity of the freight house in question will not be dis-

closed, as there may be some objections from the railroad's

point of view to publishing information on cost of handling
freight in a particular freight house. There should therefore
be no hesitancy in furnishing the desired information.

3. (a) What is the maximum amount of freight which has been han-
dled through the house in one day?

(b) What is the normal amount which is handled per day?
(c) What is the tonnage which can be most economically handled

per day?

4. Furnish plan showing floor plan of house, location of elevators,
doors at which freight is received or delivered, track arrangement
indicating thereon location and capacity of setting; i. e., inbound,
outbound or transfer.

5. For the period covered by this study indicate the approximate total

tonnage received through each door if an outbound house, or the
tonnage delivered through each door if an inbound house.

6. What is general character of freight handled?

7. Number of trucks and tractors used

:

(a) Number of two-wheeled trucks used
(b) Number of four-wheeled trucks used
(c) Number of four-wheeled trailers used
(d) Number and kind of tractors used

8. Average number of trailers in train handled per tractor?

9. What per cent of total ' longitudinal trucking is done by tractor
and trailers?

10. What is average number of strings of cars through which freight
is trucked?
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11. Are cars spotted at house more than once per day, and if so, to

what extent?

12. (a) What per cent of freight is transfer, car to car?

(b) What per cent of transfer freight is left in original car?

13. What changes can you suggest either in design of house or method
'

of operation which would decrease cost of handling freight?

14. (a) What type of surfacing is used on trucking floor?

(b) What is its present -condition?

15. (a) What is size of elevator platform in feet?

(b) What is nominal capacity of elevators in tons?

(c) What is nominal speed of elevators in feet per minute?
(d) What kind of power is used?
(e) What type of control is used?
(f) What is total rise of elevators (1) in stories, (2) in feet?

16. Average cost per ton of handling freight.

Following form to be used for outbound house (cost figures are

supplied for purpose of illustration), length of period covered by study

—six days. (It is suggested that a normal week be selected for the

study.)

Division of '=>ts^ Gioolljs: c
Handling ^,"Bi^ v S ti - § --.^

Trucking—Longitudinal 8,366

Truckers
Motor Operation—Power 30.00

Motor Operation—T r a i n

Crew 874 .56 489.44

Motor Maintenance • • • 90.81

Helpers to Trains 2,992 .55 1,645.60

Proportion of Direct Super-
vision •• 231.16

Total
'.

3,866 2,487.01 .297

Trucking Transverse 455

Receiving Helpers 39

Stowmen 1

Proportion of Direct Super-
vision

Total 40 24.49 .054

Stowing 8,821

Stowman and Helpers 4,163

Proportion of Direct Super-
vision

Total 4,163 2,580.96 .293

Elevator Service 8,821

Operation—Power
Operation—Elevator Men 755

Maintenance
Proportion of Direct Super-

vision

Total 755 679.49 .077

.55

.67
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Total Cost Per Ton of Freight
Handling Including Direct

Supervision .985

Following form to be used lor inbound house. Length of period

covered by study—six days. (It is suggested that a normal week be selected

for the study.) For cost figures illustrating use of form, see form for

outbound house above.

Division of ^_^'g ^'^g -^ 5
Handling t^%^ S g ^ o ^

Trucking
Truckers
Motor Operation—Power ...

Motor Operation—T rain
Crew

Motor Maintenance
Helpers to Trains
Proportion of Direct Super-

vision

Total

Elevator Service
Operation—Power
Operation—Elevator Alen ....

Alaintenance
Proportion of Direct Super- *

vision

Total
Total Cost Per Ton of Freight

Handling Including Direct
Supervision

EXPL.\NATI0N OF QUESTIONNAIRE

Questions 1, 4, 7, 13, 14 and 15 arc self-explanatory.
Questions 5, 6, 7, 10, 11, 12 refer only to the period of the six-day

study.

Question 2—Suggested form of answer—"Orange Street Freight
House, Cleveland, Ohio, one-level inbound and outbound house with aux-
iliary floors for inbound freight storage and warehouse purposes."

In this connection for the purpose of the questionnaire a multiple-

level freight house will be considered as a house with tracks and setting

on one floor, and with the driveways serving the house on a separate and
distinct level. An inbound house with tracks and driveways on the same
level, even though the house has additional floors for storage, will be

considered a one-level house.
Question 3—The purpose of this question is to establish the capacity

of the house. It is probable that the house foreman or someone else

who is thoroughly familiar with the operation of the house for a num-
ber of years past can answer this question from experience.

Question 5—The purpose of this question is to secure information
from which the average trucking distance can be delermind. In most
freight houses some of the doors receive or deliver more freight than
others on account of advantageous location, restriction to certain classes
of freight, etc. The floor plan of the house, as requested in Question 4,
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should show all of the doors on the driveway side of the house num-
bered, and the reply to Question 5 should show the tonnage received or

forwarded through each door, referring to the doors by the numbers
assigned on the floor plan. If a single receiving or delivery clerk is

responsible for more than one door and it is impossible to get exact

data on the tonnage through each door, the total received through a
group of doors under the supervision of a checker should be divided
among the various doors in that group, in accordance with the best judg-
ment of the checker.

Question 6—Is freight small and light, or large and bulky? Suggested
form of answer; "20% mail order business received in trap cars con-
sisting of small, light packages, very expensive to handle. 30% trans-

fer car to car, heavy and bulky packages. Can be handled at low unit

cost. 50% city door delivery. Mostly merchandise."
Question 8—This applies to average operating conditions and long-

itudinal trucking in house. Suggested form of answer: "Average tractor

train consists of 8 trailers."

Question 9—Suggested form of answer : "95% by tractor' and trailer.

5% by hand trucks. Practice in this house is to handle all movements
less than 200 ft. by hand trucking. All over that distance by tractor

trailer operation."

Question 10—The purpose of this question is to arrive at the cost of

trucking through cars. The method of determining the answer is to

divide the total average number of cars in the setting by the number of

"spots" or runs. This will give the average number of cars per spot

or run. If any of the spots are unoccupied they should not be con-
sidered in making this determination.

Question 11—^Suggested form of answer: "Cars are pulled twice per

day, once at noon and once at closing time."

Question 12— (a) By transfer is meant freight which is received in

cars and redistributed to other cars.

- (b) The purpose of this question is to determine the amount of
freight which is left in cars and is not handled by freight house employes.

Question 16—Average cost per ton of handling freight. It is not
expected that any of the railroads will have cost records in such shape
as to be able to furnish the information desired without a special study.

On the other hand, the cost of conducting a careful cost time study of

all the operations involved in freight house operation for a period of

six days is so great, and the lack of uniformity in results due to the

personal equation of a large number of observers under differing con-
ditions so probable, that such a study is not considered practical. A
suggested method of securing the desired information is to have a
trained observer familiarize himself with the house operation and the

requirements of this question, and then during the progress of this study
make such notes on the ground as will enable him to allocate costs to

the various items of handling. The payroll should be available and
records of total tonnage are at hand. From these and with a knowledge
of the men engaged in each division of handling the unit costs should
be readily obtained.

Outbound House

Trucking—Longitudinal—This item includes making the trailers

into trains, the longitudinal hauling of the freight and the dropping of the
trucks at the proper freight house door, ready for stowing. It will be
observed that figures have not been requested on the cost of receiving

and checking the freight, so that any items which could reasonably be
construed as receiving and checking, including the placing of the freight

on trailers if done by the checking force, should be excluded. Labor
charges for repairing of tractors and trailers should be included under
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the item "Motor Maintenance," and labor involved in charging the

motors should be included under "Motor operation power."

Trucking—Transverse—This item of operation is intended to cover
cases where freight moves directly across the house from receiving door
to car door, without being handled by the regular trucking gang. It

applies to only a small percentage of the total tonnage. Where all truck-

ing is done by hand and the same gang handles this class of freight as

handles the longitudinal trucking, no attempt should be made to differ-

entiate the two.
Care should be taken not to confuse the item of transverse trucking

as used here with the item of trucking through the cars. The latter

item often referred to as transverse trucking, is here included under
stowing.

Stowing—As noted above, stowing is here held to include the truck-
ing from the floor of the house into the car.

Elevator Service—The items of "Operation—Power" and "Main-
tenance," may not be properly reflected from a week's study. It is sug-
gested that bills for power and for maintenance for a period of a month
or a year, with the corresponding tonnage for the same period, be used in

arriving at a cost per ton, and that this cost per ton be used against

the tonnage handled during the six-day period. Especially should this

be done in the case of maintenance, where, due to major overhauling,
the repairs may be extremely heavj' in certain months and extremely light

during other months.

Total Cost Per Ton of Freight Handling Including Direct Super-
visiON—Particular attention is directed to the fact that this figure is

not the total of the preceding items, as several operations such as re-
ceiving and checking and accessory labor are not included. The figure

desired is the total cost per ton, a record of which is usually kept, and
which is obtained by dividing the total operating charges of the house
by the tons handled. If the records do not show this cost for the same
week as covered by the six-day period, the average cost for the month
should be given.

Proportion of Direct Supervision—This item appears under each of
the Divisions of Handling, and should be obtained by proportioning the
salaries^ of foreman and assistant foreman against the direct-labor in-

volved in each item.

Inbound House—The same instructions apply as for an outbound
house, except that no attempt will be made to differentiate between longi-
tudinal and transverse trucking, and the item of stowing freight does
not occur.
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Exhibit B

NAMES OF RAILROADS REPLYING TO THE QUESTIONNAIRE

Number of Houses
Railroad Covered in Report

Missouri Pacific Railroad 1

Illinois Central Railroad 2

Chicago 'Junction Railway 2

Chicago, Burlington & Quincy Railroad 1

Chicago, Cleveland, Cincinnati & St. Louis Railway.... 2

Chicago & North Western Railway 1

Pennsylvania Railroad . ., 2

Louisville & Nashville Railroad 1

Chicago, Rock Island & Pacific Railway 3

Chicago & Alton Railroad 1

Canadian Pacific Railway 1

Richmond, Fredericksburg & Potomac Railroad 2

New York, New Haven & Hartford Railroad .
. .

.

4
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Appendix D

(5) FREIGHT YARD DESIGN, SUGGESTING ECONOMIES
IN OPERATION

(6) THE ARRANGEMENT OF TERMINALS TO REDUCE
PREPARATORY LEAVING TIME AND TERMINAL
ARRIVING OF TRAINS, INCLUDING THE MATTER OF
MAIN TRACK CAPACITY APPROACHING IMPORTANT
TERMINALS

J. E. Armstrong, Chairman, Sub-Committee; Irving Anderson, W. R.

Armstrong, Hadley Baldwin, F. C. Baluss, A. E. Clift, J. V. Hanna,

E. M. Hastings, D. B. Johnston, A. Montzheimer, C. L. Persons, H. L.

Ripley, H. J. Pfeifer, C. H. Spencer, J. G. WSshart.

Your Committee considers that subjects (5) and (6) as assigned to

it for the past year are co-related and has assigned both subjects to

this Sub-Committee. In order to confine its report to reasonable limits

your Sub-Committee has restricted itself at this time to a study of the

general principles of subject (6) in so far as they apply to road freight

trains only. The study of this portion of the subject in greater detail

and the entire study in regard to passenger and other trains is reserved

for future consideration.

It is the purpose of this report to outline the general principles of

yard design and operation which will make it possible, under proper

supervision, to reduce to a minimum the period of time that the train

crew and engine crew of a road freight train need be on duty before

departing from their initial terminal and after arriving at their final

terminal.

There is no generally adopted practice in regard to the place or

time at which a road freight train is considered to have departed from

its initial terminal or to have arrived at its final terminal. According

to local conditions or practice it is assumed to have departed from its

initial terminal either when it starts to move from the departure track

on which it has been assembled, or when it has moved entirely clear

of the yard in which it has been assembled, or when it passes out of

its initial terminal territory onto a road territory, or at some other

arbitrary point or time. Similarly it is assumed to have arrived at its

final terminal either when it stops on the designated receiving track in

its final terminal yard, or when it offers to enter its final terminal yard,

or when it offers to leave a road territory and enter its final terminal

territory, or at some other arbitrary point or time.

The basic element in the payment of the train crew and engine

crew for the road trip is generally the mileage of the trip modified as

may be by the addition of constructive or imaginary mileage which is

not actually run, or by the element of time, or by other local conditions

or practice. This road trip is made between the moment the train departs
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from its initial terminal and the moment it arrives at its final terminal.

Usually the practice on any given engine district is consistent in that

the mileage of the road trip is assumed to extend either from the center

of the departure yard in the initial terminal to the center of the re-

ceiving yard in the final terminal, or from the main track switch or its

equivalent at the yard in which the train originates to the main track

switch or its equivalent at the yard in which the train terminates, or from
the end of the initial terminal territory to the beginning of the final

terminal territory, or from some other arbitrary point in the initial

terminal to a corresponding point in the final terminal.

The basic element in the payment of these crews for the period of

time they are on duty before departure from the initial terminal and

after arrival at the final terminal is usually time, modified as may be

by the mileage run during these periods of time, or by other local con-

ditions or practice. For the purpose of this report these periods of time

will be called, respectively, Initial Terminal Time and Final Terminal
Time.

Since the design or operation of a yard, when so arranged as to

reduce to a minimum the initial and final terminal times of the train

crew and engine crew and to have trains ready to depart at a properly

predetermined moment, can have no further effect on the operation of the

train during its road trip, it will be assumed for the purpose of this re-

port that a train has Departed from its initial terminal when it has

moved entirely clear of the initial terminal yard in which it has been

assembled and that it has Arrived at its final terminal when it offers to

enter its final terminal yard.

A definite moment is prescribed for each road freight train in the

list of departing trains at an initial terminal yard. On some railways,

and under certain conditions on other railways, this is the moment at

which the train crew and engine crew are required to report for duty

and the train departs as soon as may be thereafter. This practice appears

justifiable chiefly when the length and other conditions of the road trip

are such that the initial terminal time, together with the road trip, will

not normally run into overtime. The more general practice is that the

prescribed moment is that set for the departure of the train, and the

train crew and engine crew are required to report for duty a certain fixed

period of time in advance of that moment. During this advance interval

they are to complete all of their preliminary duties and have the train

ready to depart on time.

Whatever time elapses between the prescribed moment and the mo-
ment at which the train actually departs, is usually called initial terminal

delay. This seems a proper designation when the prescribed moment is

that set for the departure of the train but it is a misleading designation

in those cases where the prescribed moment is that at which the train

crew and engine crew are required to report for duty. The time oc-

cupied in performing duties which are regularly required to be done

should not be called delay unless it exceeds the normal amount of time

so required.
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In some cases ^vhatever time elapses between the moment when the

train arrives at its final terminal and the moment when the train crew

and engine crew are released from duty, is called final terminal delay.

In other cases certain fixed periods of time are allow'ed for the perform-

ance of such final terminal duties as are regularly required of these crews

and final terminal delay is assumed to have occurred only when these

allowances are exceeded. As in the case of initial terminal delay, final

terminal delay is a misleading designation in the one case and a proper

designation in the other.

The design and operation of a terminal yard should be such as to

reduce initial and final terminal times and delays to a minimum. Under

pracfical conditions they cannot be entirely eliminated but in the design

of a new yard they should be constantly borne in mind with a view to

avoiding the development of objectionable conditions when the yard is

placed in operation. In most existing yards a careful study will probably

show- them susceptible of reduction, and in many cases very material re-

ductions may be possible at relatively negligible costs. As each minute of

unnecessary time consumed represents additional non-revenue producing

costs, less revenue producing use of rolling stock and power, great oc-

cupation of yard and mechanical plant trackage and, consequently, less

unrestricted use of this trackage, the value of the saving of these minutes

seems self-evident.

Each track in the departure yard should be long enough to accom-

modate all cars of a train including the caboose, as well as the road

locomotive and one or more assisting locomotives where such locomo-

tives are used. This is necessary in order to avoid doubling over to

finally complete the train and to permit the completed train to stand in

the clear when it is finally assembled and ready to depart. The total

number of tracks should be such that there will be a track of adequate

length available whenever it becomes necessary to assemble a train in

the departure yard.

In yards where few trains are dispatched the train crew, after they

report for duty and before the locomotive arrives on the departure track,

may obtain the necessary train supplies, inspect the cars to be moved in

their train, prepare their train list, secure the appropriate waybills and

perform such other duties as may be regularly required of them during

this interval. One member of the train crew may also be required to

accompany the locomotive during its movement from the mechanical

plant to the departure track if this would facilitate the movement.

. In yards where a considerable number of trains are dispatched the

duties to be peformed by the train crew should be reduced to a minimum

and the few duties which they must perform should be made as simple

and easy to accomplish as possible. Where appropriate yard or other

forces are available it may be economical to have these forces place

train supplies on the caboose, make inspection of the cars, prepare the

train list, deliver the train list and corresponding waybills to a place

where they may be readily procured by the Conductor and do all other
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preliminary duties of which the train crew may be relieved. The Con-

ductor should, however, be held responsible for knowing that proper

and adequate train supplies have been provided, that the train list and

waybills with which he is supplied correspond and for the proper per-

formance of the other preliminary duties of which the train crew have

not been relieved. He should check the train list against the actual cars in

the train at the earliest opportunity for doing so without causing delay

to the train.

The point at which train supplies are obtained should be so located

that a minimum of time and labor will be required to deliver them to

the caboose. If the train list is prepared by yard or other forces it, to-

gether with the waybills, should be available for the Conductor at or

near the place where the train crew sign on duty, and this place should

be located convenient to the head end of the departure yard. In yards

where a very large number of trains are dispatched it may be eco-

nomical to provide switch tenders or even an interlocking plant to

handle the switches over which the locomotive must pass in moving from

the mechanical plant to the departure track.

At mechanical plants where few locomotives are dispatched the en-

gine crew, after they report for duty and before the locomotive is moved
from the mechanical plant, may move the locomotive out of the engine

house, take coal and water, obtain the necessary locomotive supplies,

make an inspection of the locomotive and perform such other duties as

may be regularly required of them during this interval.

At mechanical plants where a considerable number of locomotives are

dispatched the duties to be performed by the engine crew should be re-

duced to a minimum and the few duties which they must perform should

be made as simple and easy to accomplish as possible. Where appropriate

Mechanical Department or other forces are available it may be economical

to have them move the locomotive out of the engine house, take coal

and water, place the locomotive supplies on the locomotive and per-

form all other preliminary duties of which the engine crew may be re-

lieved. The engineman should, however, be held responsible for knowing

that proper and adequate locomotive supplies have been provided, that

the locomotive is in proper mechanical condition for the trip and for the

proper performance of the other preliminary duties of which the engine

crew have not been relieved.

The point at which locomotive supplies ar^* obtained should be so

located that a minimum of time and labor will be required to deliver

them to the locomotive. The locomotive should be turned over to th?

engine crew at a point where there are adequate facilities and space to

permit the required inspection to be mad.e conveniently and in a mini-

mum of time and this point should be located convenient to the place

where they sign on duty.

The distance from the mechanical plant to the head end of the de-

parture yard should be as short as practicable and the arrangement of

tracks for this movement of the locomotive should be such as to re-
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quire it to pass over a minimum number of switches and meet with as

little conflict with other trains and engines as possible. A special engine

running track for this movement, which will be kept clear of all other

movements, is usually desirable and frequently essential if loss of time

is to be avoided. Conflict with arriving or departing trains and with

work going on in the j^ard may cause serious loss of time to a locomotive

moving from the mechanical plant to the departure track if such conflicts

are not foreseen and provided against in the design and operation of

the yard.

When the road locomotive arrives at the departure yard everything

should be ready to permit of coupling it to the cars of its train. In yards

where few trains are dispatched the train crew usually couple the loco-

motive and make an inspection of the air brake equipment but in yards

where a considerable number of trains are dispatched and where appro-

priate yard or other forces are available, it may be economical to have

these forces perform these duties. In such yards the departure tracks

should be piped with compressed air at suitable pressure to enable the

yard forces to make this inspection before the arrival of the road

locomotive.

All bad order cars or cars for which no w'aybills are available,

should be switched out of the set up and other cars switched in to

replace them before the arrival of the road locomotive at the departure

j-ard. This will avoid having this work done by the road locomotive or

having this locomotive stand idle while the work is being done by the

yard forces. When a set up of proper cars is completed it should be

fully charged with air and left in this condition so that the road loco-

motive will only have to make a service test of the air brakes before

the train can be considered ready for departure.

When the train is ready to depart there remains only the matter of

securing the necessary train orders or other authority to enter the main
track and the actual moving of the train out of the yard to complete its

departure. The point at which train orders are received should be so

located that a minimum of time and labor will be required for the

Conductor to obtain this necessary authority and deliver copies to the

engineman in accordance with the operating rules. This point should

be convenient to the head end of the departure yard and should be the

same place at which the train crew sign on duty.

When the departure tracks constitute a departure yard which is not

used for general switching purposes they should be on a light descending

gradient toward the main track in order to facilitate the starting of cold,

full tonnage trains. When they are merely assigned tracks in a general

3^rd or when for any other reason they are used for a considerable

amount of switching at their head ends, such a gradient may be a serious

handicap to this switching. Under these conditions the tracks should

be level or even on a light ascending gradient toward the main track

when such a gradient can be shown to be of more advantage to switch-

ing operations than disadvantage to departing trains. In order that

A
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there may be no necessity for pushing a full tonnage train out of the

yard any adverse gradient which may be installed against a departing

train should be materially less than the ruling gradient to be encountered

by that train during its road trip.

The connection from the departure tracks to the main track should

be as direct and the alignment as simple as practicable.

In yards where a considerable number of trains are dispatched it

may be economical to have all switches, to be run over by a departing

train during its movement from the departure track to the main track,

handled either by switch tenders or by an interlocking plant. The en-

tire arrangement should be such that the train may move out of the yard

as expeditiously as practicable.

The prescribed moment for the departure of each train should be

fixed to the mutual satisfaction of the Yardmaster and Dispatcher.

Close co-operation on their part in this respect will result in those mo-

ments being selected at which the Yardmaster can have trains ready to

depart from the yard and the Dispatcher be ready to accept them for

movement over the main track. Each train should have all necessary

orders and be ready to depart on time. This will avoid having the Dis-

patcher's program upset by the train not being ready to make use of

the main track at the prescribed moment, or having the Yardmaster's

program upset by the train being held in the yard after the moment

set for its departure.

At yards where, on account of the density of traffic on the main track,

or the schedules of passenger trains, or for any other reason, it is im-

possible to list the departure of freight trains so as to avoid conflict

with other trains, the construction of a pulling out or freight running

track should be considered. When the conflict encountered is with ar-

riving freight trains a pulling out track of sufficient length to permit

moving the departing train out of the yard is sometimes all the relief

at first required. When the conflict is with passenger trains a freight

running track, extending from the initial terminal yard to or beyond

the next telegraph office may be required. When the conflict is of such a

nature or other conditions are such that conflict may be more readily

avoided by diverting arriving freight trains to a freight running track

or pulling in track, and thus permit the departing train to have the use

of the main track, this arrangement should, of course, be considered.

In some cases both pulling out and pulling in tracks or both outbound

and inbound freight running tracks may be economical facilities. Tracks

used in this manner are essentially additional main tracks.

The arriving time of a freight train at the final terminal yard can-

not usually be as definitely prescribed as the departing time from the

initial terminal yard. This is especially true under conditions where

scheduled freight trains are run in sections or where freight trains are

run as extras. Lacking a definite pre-arranged moment for the arrival

of each freight train at the final terminal yard the Yardmaster should be

kept fully advised by the Dispatcher of the moment when he may expect

to have each freight train arrive. This notice should be given in ample
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time to permit of his being prepared to accept each train when it oflfers

to enter the yard and should include such information as may be neces-

sary for him to know the length of the train and the probable amount

and kind of work which will have to be done on it in the yard. This

requires close co-operation between the Dispatcher and the Yardmaster.

The connection from the main track to the receiving tracks should

be as direct and the alignment as simple as practicable.

In 3'ards where a considerable number of trains are received it may
be economical to have all switches to be run over by an arriving train

during its movement from the main track to the receiving track handled

either by switch tenders or by an interlocking plant. The entire arrange-

ment should be such that the train may leave the main track and move

into the clear on the designated receiving track as expeditiously as

practicable.

When the receiving tracks constitute a receiving yard which is not

used for general switching purposes a light ascending gradient on them

away from the main track is not objectionable. In order that there may
be no necessity for pushing a full tonnage train into the yard any ad-

verse gradient which may be installed against an arriving train should

be less than the ruling gradient encountered by that train during its road

trip. When the receiving tracks are merely assigned tracks in a general

yard or when for any other reason they are used for a considerable

amount of switching at their receiving ends such a gradient may be a

serious handicap to this switching. Under these conditions the tracks

should be level or even on a light descending gradient away from the

main track when such a gradient can be shown to be of advantage to

switching operations.

Each track in the receiving yard should be long enough to accom-

modate all cars of a train including the caboose, as well as the road

locomotive and one or more assisting locomotives where such locomo-

tives are used. This is necessary in order to avoid doubling over in

finally putting a train away and to permit the complete train to stand

in the clear after it has pulled into the receiving yard. The total num-

ber of tracks should be such that there will be a track of adequate length

available to receive an arriving train whenever such a train offers to

enter the yard.

In yards where a considerable number of trains are received the

receiving tracks should be piped with compressed air at suitable pressure

so that the air brake equipment on the cars of each train on their arrival

in the receiving yard may be tested immediately by the yard forces. This

will enable these forces to have early and accurate information as to

the bad order air brake equipment and thus permit of their having an

opportunity to make necessary repairs before the cars arc moved to the

departure yard. Where only the departure yard is equipped with com-

pressed air the yard forces will have only the report of the train crew

to work on up to the time the cars are placed in the departure yard after

which this information may be found to have been incomplete. This may
result in an entire train being delayed or in certain cars which should
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go forward in the train having to be switched out of it and held in the

yard until their air brake equipment can be put in proper condition for

road movement.

After a train has stopped in the clear on the designated receiving

track there are visually no duties for the train crew to perform other

than to deliver their train list, waybills and report of bad order cars.

This should be done at or near the place where they sign off duty and

this place should be located convenient to the receiving end of the re-

ceiving yard in order that a minimum amount of time will be required

for the Conductor to get to it and perform his final duties. In yards

where few trains are received one member of the train crew may be

required to uncouple the locomotive from the cars of the train and ac-

company it during its movement from the receiving track to the me-

chanical plant if this would facilitate the movement. In yards where

a very large number of trains are received it may be economical to

provide switch tenders or even an interlocking plant, to handle the

switches over which the locomotive must pass in moving from the re-

ceiving track to the mechanical plant.

The distance from the head end of the receiving yard to the me-

chanical plant should be as short as practicable and the arrangement of

tracks for this movement of the locomotive should be such as to require

it to pass over a minimum number of switches and meet as little con-

flict with other trains and engines as possible. A special engine running

track for this movement, which will be kept clear of all other movements,

is usually desirable and frequently essential if loss of time is to be avoided.

Conflict with arriving and departing trains, and with work going on in

the yard may cause serious loss of time to a locomotive moving from
the receiving track to the mechanical plant if such conflicts are not fore-

seen and provided against in the design and operation of the yard.

At mechanical plants where few locomotives are received the engine

crew after the locomotive arrives on the designated locomotive receiving

track at the mechanical plant may make an inspection of the locomotive,

prepare the work list for the information of the Mechanical Department

employees, clean or dump the fire, clean the ash pan, move the locomotive

into the engine house and perform such other duties as may be regularly

required of them before they sign of¥ duty.

At mechanical plants where a considerable number of locomotives

are received the duties to fee performed by the engine crew should be

reduced to a minimum and the few duties which they must perform

should be made as simple and easy to accomplish as possible. Where
appropriate Mechanical Department or other forces are available it may
be economical to have these forces clean or dump the fire, clean the ash

pan, move the locomotive into the engine house and perform all other

final duties of which the engine crew may be relieved. The engineman

should, however, be held responsible for making the final inspection of

the locomotive, preparing the work list for the information of the Me-
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chanical Department employees and for the proper performance of the

other final duties of which the engine crew have not been relieved.

Adequate space and facilities should be provided at the point where

the locomotive is delivered on the mechanical plant trackage so that

the required mechanical inspection may be conveniently made in a mini-

mum of time. The place at which the work list is delivered should be

the place at which the engine crew sign off duty. It should be located

convenient to the point where the final inspection of the locomotive is

made so as to require a minimum of time for the engineman to deliver

his work list and sign off duty after completing his final terminal duties.

The point to be constantly borne in mind in the design of a new
yard, or in planning its operation, and in the study of an existing yard

with a view to reducing the initial and final terminal times and delays

which occur in it, is that where the total cost of operating, maintenance

and fixed charges on the additional or improved facilities can be shown

to be less than the cost of the terminal time and delay which they will

eliminate the expenditure for these facilities, all other things being equal,

is justified.

This is an outline of the general principles of yard design and opera-

tion which will make it possible under proper supervision to reduce to

a minimum the period of time that the train crew and engine crew of

a road freight train need be on duty before departing from their initial

terminal and after arriving at their final terminal. In order to be of

the greatest use many parts of this report require elaboration and more

definite presentation of the values involved. It must also be expanded to

include the handling of cars and trains through the yard in a minimum
of time with detailed consideration of the care of live stock, icing, weigh-

ing, etc., as well as the arrangement of various tracks and buildings, yard

lighting, working gradients, etc. Your Committee expects to continue

its investigations along these lines and to present additional conclusions

in a later report. In connection with this report, however, it wishes to

present the following general conclusions.

Conclusions

In order to reduce to a minimum the time that the train crew and

engine crew of a road freight train need be on duty before their train

is moved out of the initial terminal j-ard and after it has offered to enter

the final terminal j'ard when these j'ards are such as handle a considerable

number of trains:

1. The length of the tracks in the receiving yard or the departure

yard should be such that each track will accommodate a complete train

including one or more assisting locomotives where such locomotives are

used.

2. The number of tracks in the receiving j-ard or the departure

yard should be such that there will be a track available for receiving

an arriving train when it offers to enter the yard or for assembling a

departing train when necessary.
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3. The gradient of the tracks in the receiving yard or in the de-

parture yard, if adverse to the forward movement of a train should be

less than the ruling gradient encountered by that train during its road

trip.

4. The connection betvi^een the receiving yard or the departure yard

and the main track should be as direct and as simple in alignment as

practicable.

5. A pulling in or a pulling out track, or both, somewhat longer

than a maximum train length, or an inbound or outbound freight run-

ning track, or both, extending to or beyond the first telegraph office out-

side of the terminal yard and operated as a freight main track should

be provided as required.

6. The location of the mechanical plant should be such that the

aggregate mileage run by all locomotives in moving between it and the

receiving yard and the departure yard will be a minimum and special

engine running tracks should be provided and so arranged as to eliminate,

in so far as practicable, all conflict between these movements and all

other work being done in the yard.

7. Compressed air at suitable pressure should be piped into both

the receiving yard and the departure yard and the air brake equipment

should be tested by the yard forces as soon as the cars of a train are

received or assembled in either of these yards.

8. The duties to be performed by the train crew and engine crew

before their train has moved out of the initial terminal yard and after

it has offered to enter the final terminal yard should be made simple

and easy to accomplish.

9. The place where the train crew sign on duty should be the place

where they receive train orders, waybills and the train list if this is pre-

pared by yard forces and should be located convenient to the head end of

the departure yard.

10. The place from which train supplies are obtained should be so

located as to facilitate the placing of them on the caboose by either the

train crew or yard forces as may be found the more economical.

11. The place at which the train crew sign off duty should be that

at which the Conductor delivers the train list, waybills and report of

bad order cars and should be located convenient to the receiving end of

the receiving yard.

12. The locomotive should be moved out of and into the engine

house, furnished with coal, water, and other supplies, and have the fire

and ash pan cleaned by Mechanical Department forces.
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13. The place at which the engine crew sign on duty should be

located convenient to the point at which they take charge of the locomotive.

14. Adequate space and facilities should be provided for the engine-

man to make the initial inspection of the locomotive before moving it

from, and the final inspection after delivering it at the mechanical plant.

15. Before the locomotive arrives in the departure yard all bad

order cars or cars for which no waybills are available should be switched

out and the final set up fully charged with air.

16. It may be economical to have switches to be run over by the

locomotive in moving to and from the mechanical plant and by the train

in moving to and from the main track handled by switch tenders or in-

terlocking plants.

17. The place at which the engine crew sign off duty should be

that at which the engineman delivers the work list and should be con-

venient to the point at which the final inspection of the locomotive is

made.

18. The departing time of each train should be fixed to the mutual

satisfaction of the Yardmaster and the Dispatcher and each train should

have all necessary orders and be ready to depart on time.

19. The Dispatcher should advise the Yardmaster of the probable

arriving time, length and amount of work to be done on each train so

that he may be prepared to handle it promptly when it offers to enter

the yard.

20. The point to be constantly borne in mind in the design of a new

yard, or in planning its operation, and in the study of an existing yard

with a view to reducing the initial and final terminal times and delays

which occur in it, is that where the total cost of operating, maintenance

and fixed charges on the additional or improved facilities can be shown

to be less than the cost of the terminal time and delay which will

eliminate the expenditure for these facilities, all other things being equal,

is justified.
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Appendix E

THE PROPER SIZE AND ARRANGEMENT OF LARGE PAS-

SENGER STATION FACILITIES AS DETERMINED
BY BUSINESS HANDLED

H. L. Ripley, Chairman, Sub-Committee; J. R. W. Ambrose, J. E. Arm-

strong, H. M. Bassett, J. D'Esposito, J. V. Hanna, A. Montz-

heimer, C. H. Mottier, E. M. Hastings, C. L. Persons.

Requirements for Suburban Service.

The Sub-Committee studying passenger terminal facihties and the

requirements for large passenger stations, reporting at the annual meet-

ings in 1923 and 1924 (Vol. 24 and 25) had for its primary object the

collection of data in connection with, and the study and analysis of, the

facilities essential to the comfort and convenience of the through traveler,

as determined by the relative volume and intensity of business handled.

Incidentally much valuable data was collected and presented in connec-

tion with the commuter and his needs and his desires as expressed by his

actions.

This year requirements due to the variation in the character of serv-

ice rather than to the variation in volume alone will be emphasized and,

in particular, the needs of the commuter as contrasted with that of the

through traveler and their effect upon the size or number of facilities

which should be provided. Data will be segregated and rearranged for

the convenience of one seeking information primarily about mixed

through and suburban service and an attempt will be made to outline

some of the differences between the characteristics and requirements of

the two.

Characteristics of the Through Traveler.

As a rule, the long distance passenger is a stranger; frequently un-

used to travel; sometimes unable to speak the language; often uncertain

in movement; sometimes elderly or infirm; often accompanied by chil-

dren; generally carrying hand-baggage and frequently accompanied by

trunks as well ; occupying more space on platforms, and for a longer

average time, and requiring waiting and retiring room accommodations,

services of porters, information men, ticket sellers, baggage handlers,

and the like.

Characteristics of the Commuter.

The commuter, as a rule, is on familiar ground; is self-reliant; defi-

nite and brisk in his movements; generally in vigorous health; active

and of adult age; with no baggage or with only a small hand-bag or

brief case; moves promptly to train or exit, and requires no aid and

wants none. His principal interest is that the train arrive on time in

the morning and depart on schedule at night, and that the way be open

five minutes before leaving time so that if he happen to come in four

minutes ahead of the bell, instead of his usual two minutes, he won't
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be kept waiting at the gate. In the winter he wants to be protected from

icy blasts during the few minutes he may, upon occasion, stand waiting

in the concourse before passing to his train. Where commuters are

coming into the concourse rapidly, in some cases at the rate of four

or five hundred a minute, promptness is important to the railroad as

well as to the passenger.

Importance of Commuter Service.

The growing importance of commuter service is indicated by the

following table, compiled largely from table 2 of the 1923 report (Vol.

24, page 863).

Traffic In and Out of Certain Stations

NORMAL DAY'S BUSINESS

Commuter Service Shown as Numerator—Through Service as Denomi-
nator. Ratio of Commuter to Total Shown as a Percentage
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The two-level proposition involves electrification of the suburban

zone before it is feasible, and would be adopted only where land values

were high enough to warrant it.

Flexibility at Throat of Yard.

Increasing the num,ber of approach tracks and providing a flexible

arrangement at the throat of the yard, is of special importance in subur-

ban service, where trains are handled at the peak hour on short spac-

ing, particularly at stub stations.

The possibility of complete interchange of routes is highly desirable.

(See Vol. 24, pages 867 and 869.)

Time—Space Interval on Platform, Etc.

Investigation has shown that, on an average, a through traveler oc-

cupies 15 sq. ft. on a platform, and travels at a rate of 220 feet per

minute, while the commuter occupies but 10 sq. ft. and moves at a rate

of 300 ft. per minute (Vol. 25, page 545). This means that a commuter

consumes a little less than one-half as many square-foot-minutes on the

platform as a through traveler, and, other things being equal, platform

space requirements for commuters might be reduced accordingly. A
through train, however, seldom discharges more than 300 passengers,

while a commuter train frequently handles 600 or 700, so the character

of service just about balances the difference in intensity of service, and

the platform requirements are substantially the same for a terminating

through train as for a heavy suburban train.

On level platforms or ramps the speed ratio of a commuter moving

to or from a train, as compared with the through traveler, is about 15

to 11. Stairway capacity does not seem to depend upon the total vertical

height to be overcome in either case, at least when the total rise is under

twenty (20) feet, but the average commuter moves faster and occupies

less space than the long distance traveler, so that stair capacity varies

as between the two in about the ratio of 9 to 5 (Vol. 25, page 512, et. seq.)

Commuter passengers move down the steps from a single car exit

onto low platforms at a speed of from 1.4 to 1.8 seconds per passenger,

as compared with 2.6 to 3 seconds consumed by the average long distance

passenger and commuter passengers pass through a car exit door on to a

high platform at car floor level at a speed of 0.8 to 1.1 seconds per

passenger ; with exits 4 and 2.4 ft. wide jespectively. (Vol. 25, page 544-

545.)

Discussion of, and directions for coniputing widths of platforms,

passageways, stairs, etc., will be found in the report of the Committee

for 1924, Vol. 25, commencing at page 488. These speed relations for

commuters are shown on Diagrams T and U which follow.

Unloading and Traveling Time Chart.

For a suburban train at a stub terminal station with low platform

and end gate, passengers move as indicated on Diagram "T" which

follows.
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Assume

:

Train of 9 cars, @ Id ft. each; 76 passengers per car.

One-half of the load or 38 passengers leave from each

end of the car.

End of platform, car No. 1, spotted 100 ft. from gate.

Unloading speed 1.6 seconds per passenger.

Platform speed 5.1 ft. per second per passenger.

Then, first passenger lands on platform in 1.6 seconds. Last (or

38lh) passenger .from each exit door lands on platform in 60.8 seconds.

The distances traveled ; the traveling time ; the arrival time at the

gate, of the first and last passenger, are shown for each car in the fol-

lowing table

:
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positions for the initial points on the zero or gate line are measured on

the horizontal scale from the arrival time line as seconds of elapsed un-

loading time required by the first and the last passenger landed onto the

platform. In this particular problem these horizontal ordinates are 1.6

seconds for the first passenger and 60.8 seconds for the 38th or last

passenger.

DIAGRAM T AND U
Exit Turnstiles.

The slowing-up caused by the use of turnstiles is clearly shown by

the table on page 538, Vol. 25. To discharge a train of 600 passengers

through a single turnstile, a very ordinary commuter train would require

twelve minutes. Exit stiles are an inconvenience and an annoyance as

well as a time consumer, and their use should be discouraged. There

are conditions where they have a place. Exit gates should be approxi-

mately full width of platform to permit passage without slowing up the

line.

Concourse.

The concourse should be broad, preferably, of sufficient capacity to

permit the gathering of a full train-load at a suburban gate without

creating a blockade.

Outgoing commuter passengers as a rule arrive only a few minutes

before train time, and use the waiting rooms only occasionally except at

times of disrupted service. Incoming passengers should be able to pass

directly from the concourse to the street. Passageways to and from the

platforms should be ample, and should not lead through the waiting

rooms or block waiting room exits.

Thought should be given to so arranging the concourse that it will

not be a convenient thoroughfare for people who are not passengers.

The Manager at one important Terminal estimates that not less than

ten thousand non-passengers pass through the concourse during the eve-

ning rush hour, a considerable number using it as a convenient approach

to the elevated.

Directional Information.

Indicator boards showing the track number; scheduled leaving time,

and names of stations at which the train stops, are the only directional

information ordinarily required by the commuter.

Posters displayed at a few conspicuous points in the waiting room

and concourse should be provided to indicate the leaving time, destination,

and the regular track number assigned to all departing trains ; for use

when time tables change, and to guide the transient or the through pas-

senger who may want to take a suburban train but is not a regular com-

muter familiar with the service.

If a departing train is shifted to a track other than the one from

which it usually leaves, display boards indicating the new track number

should be posted on the indicator board for the regularly assigned track

before that gate is opened and, in general, at least five minutes before

the actual leaving time of the train from the newly assigned track.



Yards and Terminals 735

Concessions.

Newsstands, fruit and tobacco stands and soft drink stands should

be located on the direct line of travel between the entrance to the con-

course and the gates to the platforms.

Concessions for catering to the needs and desires of the traveling

public not only add a substantial income but are a real convenience.

In addition to the usual restaurant; lunch counter; barber shop; manicure;

bootblack stand ; tobacco store ; fruit, flower, and candy booths ; soft

drink counters, and news and periodical stands, common to all large

stations, the commuter, and sometimes the through traveler as well, finds

the addition of other facilities less generally attached to a station layout

to be of substantial benefit.

It appeals particularly to the commuter to be able to make certain

purchases without going out of his way and after he has reached the

station and knows exactly how much time he has before the "5:15" train

leaves.

Among the most useful, though less usual, faciUties of this nature

sometimes provided are

:

Theater ticket stall, delicatessen store, drug store, food shop, book

and stationery store, men's haberdashery, women's furnishings shop, cir-

culating library, luggage and trunk shop, jewelry and repair shop, cob-

bler's shop, music store, industrial banking room, and the like.

In a large city this list can be expanded with profit to the railroad

and convenience to the traveler.

At the Grand Central Station, New York, 87 concessionnaires are

doing a business mutually advantageous to themselves, to the company

and to the passengers.

Booths where the counters open onto the passageway and the pur-

chaser does not have to leave the corridor to be waited on give much
quicker service and are especially appreciated by the commuter whose

time is limited. Stores are better adapted to the long distance traveler

who frequently arrives from one-half to an hour ahead of the departure

of the outgoing train or who is in no particular hurry to leave the

terminal.

The location of the concession should be adapted to the character of

service most likely to use it. The long distance traveler would not be

interested in an Industrial Bank, the commuter would be, so in the Grand
Central this facility was placed on the lower, or commuter level. On
the other hand the Travelers Aid desk and Baggage Transfer Booths are

on the upper level where the bulk, though not all, of the business is through

service.

Available space off the regular line of travel can be used for pur-

poses like fitting rooms, tailor shops, or, where the terminal is a large

office building as well as a station, for purposes designed to fill the needs

of employees.

Concessions serving the public, to be successful, must be so located

as to be conspicuous and easy of access, neat and attractive in appearance

and well lighted. The latter requirement is of special importance, both
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as to the interior of the store or booth and the display windows. Rents

should be so adjusted that the concessionnaire can meet the price of out-

side competitors. Care should be exercised to see that concessionnaires

are experienced, responsible and progressive. These qualities are more

Hkely to be found in established business houses than in casual individual

applicants.

Ticket Windows.

Windows opening directly on to the concourse are desirable for

the sale of local and commutation tickets. Portable ticket booths, located

in the concourse, for the sale of commutation tickets may be necessary for

two or three days at the end of the month, especially if tickets terminate

with the calendar month instead of running for a definite period of, say,

30 days, starting at any date.

Loop Tracks.

Loop tracks greatly increase the capacity for handling suburban serv-

ice and the question of providing for them should receive serious con-

sideration whenever extensive suburban service may be anticipated and if

the service is heavy, or if it is likely to become so, then careful con-

sideration should be given also to the separation of grades at points where

it is regularly necessary to cross train routes, as has been done at the

Pennsylvania Terminal, Philadelphia. With loop service and so-called

flying junctions, and with cars specially equipped with center doors, com-

muter service on a standard railroad can be put on a plane approaching

in rapidity of movement that of urban elevated or subway service. At

Grand Central Station, New York (see Vol. 24, page 877) it is estimated

that the use of the single loop track now in service reduces the necessary

headway or train spacing on the tracks served by it to an extent amount-

ing to an increase in capacity of 40 per cent.

A loop track in the coach yard is a facility of commanding usefulness,

particularly so where suburban and long-distance service is mixed. Such

a track may solve the problem of an apparent congestion and insufficient

track space in the terminal proper; do it much better than by the pro-

vision of additional standing tracks, and at a fraction of the cost.

A loop in the coach yard permits the train to head into the station,

discharge its passengers, and baggage if any; back out under its own
power; pass around the loop on to a cleaning and inspection track; back

into the station on to a departure track ; load outward-bound passengers

and go on its way to destination. It can do all this without the neces-

sity for tying up or changing engines, preserving the same set-up of

the train without any switching of cars or even the necessity for un-

coupling. A wye serves the same purpose less effectively.

The introduction of a loop in the coach yard, with a few body

tracks better located than the old ones, completely overcame a congestion

at one point that had become unbearable. Diagram "B" illustrates the

situation at that point.

Diagram "M" illustrates the situation at another point where the

introduction of a loop in the coach yard had a similar beneficial effect.
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The provision of the loop—diagram "B"—with the 15 supporting

tracks substituted for the dead-end yard formerly located on the other

side of the main, entirely ended a condition where, at times, a majority

of trains dependent upon this yard were late leaving the station because

of inability to give them the necessary yard switching service. Of
135 drafts which use this particular coach yard 36 drafts, or 26 per cent,

take the loop.

Direct advantages of this improvement that can be measured defi-

nitely are subordinate to the indirect benefits derived from ability to

keep trains on schedule, give satisfactory service, maintain the morale

of the organization and prevent confusion and disruption at the round-

house as w'ell as at the station, due to uncertainty and delay.

Benefits which could be measured were secured, however, in the

following particulars

:

Hours
Saving in Switch Engine Hours per Day 16
Saving in Road Engine Hours per Day 12

Saving in Loco. Crews Hours per Day 28
Saving in Train Men Hours per Day 80
Saving in Switchmen Hours per Day 16
Saving in Yardmaster Hours per Day 8
Peak Hour Train Delays Overcome—estimate
average, 3 minutes each on 20 morning trains,

and same at night 2

Study of Station Requirements for Mixed Long Distance and Com-
muter Service.

Descriptive sheets follow showing the method of procedure pursued

in developing graphs to indicate the required capacity for facilities in

mixed through and suburban service. The problem is developed on

three sheets, Table "A", Graph "B" and Graph "C" ; each with a prefix

number denoting the particular facility under consideration.

Use as an illustration the waiting room area, which is marked with

prefix No. 9. Take Item No. 2 from Table 9-A (Oakland), which is

Item No. 14 on page 862 of Volume 24.

The rush hour number of passengers handled is found to be 750.

Of these it is reported that 350 are through passengers and 400 are

suburban passengers. The per cent of through passengers to total

passengers therefore is 47.

The actual waiting room area reported in former Table No. 11,

page 899, Volume 24, is 8,290 sq. ft. This develops an area per passenger

of 11.1 sq. ft., actual—Table 9-A, Column (e).

From former Graph No. 9—page 903, Volume 24—the recommended
area for 750 passengers (if they were all "through" passengers) would

be 11,500 sq. ft., or 15.5 sq. ft. per passenger.

This develops a ratio of actual sq. ft. per passenger used in the

mixed service to the recommended sq. ft. if they were all through

passengers of 72, expressed as a percentage—Table 9-A, Column (g).

Coming now to the intermediate graph—No. 9-B, which develops

a relation between requirements for waiting room areas for different

percentages of passengers using the facility in mixed service:
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Taking, on the horizontal scale, the ordinate for the ratio of through

passengers to total (47 per cent) and intersecting it on the vertical

scale with the ordinate for 72 per cent of waiting room area, which

is the ratio of actual space used for mixed service to the theoretical

requirement if all passengers were through travelers, the location for

Point 2, Oakland, is developed.

A little different situation exists when, for instance, La Salle Street,

Chicago, is being considered, because the graphs in Volume 24 only

cover a maximum of 5,000 passengers during the rush hour, while

La Salle Street handles a total of 11,000 passengers in mixed service.

Turning again to Graph No. 9, Vol. 24, it is shown that the

recommended practice for waiting room area for a station handling

5,000 all-through passengers is 31,000 sq. ft., but the curve has been

gradually flattening out until at about 3,500 passengers it becomes straight

and between 3,500 and 5,000 passengers it is substantially a tangent.

The equation of this line has become 3 sq. ft. per passenger; so, to

develop the location for the point on the vertical ordinate for 11,000

passengers, 3 times the additional 6,000 passengers, or 18,000 sq. ft.,

must be added to the 31,000 sq. ft. which is read directly from the

diagram. In total this amounts to 49,000 sq. ft. Dividing this 49,000

sq. ft. by the 11,000 total passengers actually handled in mixed service

develops a per-passenger area of 4.5 sq. ft. The ratio therefore for

this 11,000 rush-hour passenger station, between the actual area per

passenger in this mixed service, 2.1 sq. ft.—Table 9-A, Column (e)—
and the recommended area if they were to be all through passengers,

is as 2.1 is to 4.5, or 47 per cent—Table 9-A, Column (c).

Coming again to Graph No. 9-B, find the ordinate for 11 per cent

of through passengers (Column (c)—Table 9-A) on the horizontal

scale, and 47 per cent waiting room area recommended for all-through

passengers, on the vertical scale. The intersection of the ordinates

gives the location for the position for La Salle Street Station, indicated

as Point 8 on Graph No. 9-B.

In a similar way locations have been found for the other points.

Having plotted these points, the next step is to pass a curve

through the diagram. First, a center of gravity was worked out for

the horizontal and the vertical ordinates of all the points in the study

and plotted at the proper point as indicated by the triangle. Next,

different groups of points were taken, and the center of gravity of

these groups determined and plotted, merely as a guide. The location

of the 100 per cent point, for all through passenger service, was fixed

by former Graph No. 9, Vol. 24. Taking into consideration the center

of gravity of all the points, the centers of gravity for the different

groups, and the points themselves, and having one end of the curve,

namely, that for the 100 per cent through passenger service, fixed, a

line was laid down on the graph to represent a relation which should

exist between the facilities required if 100 per cent of the service were

through and those required if a varying proportion were suburban or

commuter service, in different combinations of mixed service.
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This line is not a resultant of any precise mathematical computation.

It does not represent strictly any average, but is developed, as was the

position for the curve on former Graph No. 9, by the exercise of

judgment, taking into consideration evidence relative and material thereto.

Turn now to Graph No. 9-C, which indicates a "conclusion." The
position of the 100 per cent curve for all-through passengers has been

fixed by the previous report, because it is identical with the line on

former Graph No. 9.

Take as an illustration the points on the vertical ordinate for a

station of 5,000 total passengers on this new Graph No. 9-C. Former

Graph No. 9 in Vol. 24 shows that all-through service would require

31,000 sq. ft. of area for 5,000 all-through passengers.

The position of the curve for a mixed percentage of through and

commuter service on this ordinate is developed as follows

:

Consider first 90 per cent of the 5,000 passengers to be commuter

passengers. Turning to Graph No. 9-B, find the waiting room area

indicated by the curve, which shows that approximately 34 per cent

as much area would be required as though these 5,000—90 per cent

commuter and 10 per cent through—passengers were actually 100 per

cent through passengers. 34 per cent of 31,000 sq. ft. is 10,540 sq. ft.

for the 5,000 mixed passengers and indicates the location of the curve

for this 90 per cent commuter case.

In Hke manner, if the passengers were 80 per cent commuter and

20 per cent through, then, scaling from Graph No. 9-B, it appears that

the percentage should be 44, and 44 per cent of 31,000 sq. ft. is 13,640

sq. ft., which would be plotted on the same vertical ordinate. The
same process develops the location for the intersecting points on the

ordinates for 1,000, 2,000 or 3,000 mixed passengers per rush hour and

for other ratios of commuter passengers to all through passengers, and

curves joining them indicate the location of the point for any number
of passengers for any combination of service, which can be read directly

from the diagram.

As in LaSalle Street Station, used as an illustration in describing

the development of Graph 9-B, so in the application of Graph 9-C to a

concrete problem, the equation of the line for the particular ratio of

commuter to all-passengers may be used to extend the figures to cover

a station designed to handle more than 5,000 passengers during the

rush hour.

This descriptive illustration for the development of Table 9-A and

of Graphs Nos. 9-B and 9-C, for waiting room areas, holds for the

other graphs for other facilities.

General.

DifTerence in the type of the average through traveler using a

particular station (as, for example, transfer passengers contrasted with

passengers originating or terminating their journey), not alone mere

numbers or the ratio between through and commuter passengers, has

an effect upon and modifies the size or the number of facilities required

per passenger.
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Intensity of congestion, or the lack of it, depends upon the number

of passengers using the facility at some short period of time within

the hour as well as upon the total number served during the rush hour.

As the amount of business increases, generally speaking, the fre-

quency of train service increases and the waiting time per passenger

decreases, and, as a rule, the proportion of passengers starting or

terminating the journey as compared with transfer passengers also

increases. Both tend toward a more uniform spread within the hour

and to reduce the station-minutes per passenger, and consequently the

requirements for waiting room and for certain other facilities may not

increase in direct proportion to the volume alone.

On the other hand, holdover passengers and an increase in the

proportion of transfer passengers both tend to increase the requirements.

Commuters nearly all commence or terminate their journey at the

city within which the station is located and their occupation of space

and use of facilities is a minimum. Transfer passengers occupy space

for a maximum length of- time, depending upon the waiting time between

trains which is spent at the incoming or, generally, at the outgoing

station, and their use of facilities is also a maximum.

Diagrams.

Diagrams have been prepared to show what may be expected under

normal conditions. They are indicative, but not entirely conclusive

evidence, of the speed and the size or number of the facihties listed

which would be required in a passenger terminal serving mixed through

and commuter service in varying proportions. Judgment based upon ob-

servation and experience must be used in applying them to any par-

ticular problem.

The two speed diagrams "T" and "U" have been included above in

the paragraph headed "Unloading and Traveling Time."

The diagrams showing the size or number of facilities required

with tabulations of the basic data and the development of the results

follow. Each subject is covered by:

Tabulation A showing basic data.

Graph B showing the development of ratios.

Graph C showing the resulting conclusions.

Conclusions

1. Transfer passengers occupy a station for a maximum length of

time and require more extensive facilities per passenger than resident

through passengers.

2. Commuter passengers occupy a station for a minimum length of

time, occupy less space and move faster than the through traveler and

therefore requirements in the way of station facilities per passenger

are substantially less for a commuter than for a through traveler.

3. Decreasing the time interval between incoming and outgoing

trains decreases requirements per passenger for waiting room space

and for certain other facihties.
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Increased business tends to increase the number of trains, decrease

the waiting time and equalize the spread of minutes-waiting per pas-

senger over the rush hour period.

4. The number of passengers handled during the rush hour does

not, definitely and alone, determine the size or number of facilities re-

quired. Local conditions must be studied as they affect requirements for

any particular situation.

The size or number of facilities must be modified to make allow-

ance for

:

(a) Time of arriving and departing trains and the span

in minutes between them.

(b) The ratio between passengers commencing or terminat-

ing their journey and transfer passengers.

(c) Number of holdover passengers arriving or departing

outside of the rush hour but occupying space and re-

quiring service during a portion of the rush hour.

(d) Departure from a reasonably uniform spread of pas-

sengers entering and departing within the rush hour.

5. When commuter business is heavy it is desirable to separate

the through and commuter service, so far as it is feasible to do so.

This may be done by handling the two classes of service at

:

(a) Different levels. This requires electrification.

(b) At different sides of the station.

(c) At different terminals, one beyond the other.

6. Sufficient throat tracks should be* provided to permit at least

two simultaneous parallel movements. Flexibility sufficient to provide

for complete interchange of routes is desirable.

7. A commuter passenger occupies platform space for less than

one-half as many square-foot-minutes as a through passenger, the ratio

being

:

For the through traveler, 15 sq. ft. moving at 220 ft.

per minute.

For the commuter, 10 sq. ft. moving at 300 ft. per

minute.

8. Exit turnstiles for handling large crowds are an inconvenience,

slow up traffic and should be avoided.

9. The concourse should be sufficiently broad to permit the gather-

ing of a full trainload at a gate without a blockade.

10. Incoming passengers should be able to go naturally and directly

from the concourse to the street without passing through waiting room

or blocking the waiting room exits.
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11. The concourse should be so arranged that it will not be a con-

venient thoroughfare for people who are not passengers.

12. Indicator boards are the only directional information required,

as a rule, by commuters. They should show track number, scheduled

leaving time and names of stations at which the train will stop.

Ifi case a departing train is shifted to a* track other than the one

from which it regularly leaves, a display board should be posted on

the indicator board for the regular track before that gate is opened

and generally not less than five minutes before the actual leaving time.

13. Posters, giving the time for leaving, the regular track number,

the destination of train, should be displayed at a few conspicuous points

in the waiting room and concourse.

14. Concessions for the sale of commodities and the rendering of

service, catering to the needs and desires of the traveling public, should

be provided for the convenience of passengers.

The number and character of these concessions can be greatly ex-

panded in terminals located in cities of large size, with benefit and profit

to all concerned.

Concessions, to be successful, must be so located as to be conspicuous

and easy of access. They must be neat and attractive in appearance and

well lighted, and concessionnaires should be experienced, responsible and

progressive.

Booths opening directly onto the corridor where service is rapid,

appeal more to the commuter, while stores appeal to the through traveler

and particularly to the transfer passenger who has time to spare.

15. Windows opening directly onto the concourse for the sale of

local tickets are desirable.

Where commutation tickets coincide with the calendar month and

the number issued is large, portable booths located in the concourse

may be desirable during the last two or three days of the month.

16. Loop tracks for turning trains, both in stub stations and in

the coach yard, speed up the service and greatly increase capacity, es-

pecially for handling suburban business—often at a minimum of ex-

pense.

(Diagrams showing size or number of facilities required for varying

proportions of mixed through and commuter service will be found in

the Proceedings, Vol. 26, commencing at page 745.)



Table 9-A—Total Waiting Room Area
(See Vol. 24, page 862, Table 2; page 899, Table 11; page 903, Graph No. 9)

t station



Table 10-A—Seating Capacity of Waiting Rooms
(See Vol. 24, page 862, Table 2; page 901, Table 13; page 904, Graph No. 10)
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Table 11-A—Summary of Lobby, Concourse, and Waiting-Room
(See Vol. 24, page 862, Table 2; page 900, Table 12; page 904, Graph No. 11)

station



(See
Table 12-A—Area of Men's Toilet Facilities

Vol. 24, page 862, Table 2; page 906, Table 14; page 904, Graph No. 12)

Statlou
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Table 13-A—Number of Men's Water Closets
(See Vol. 24, page 862, Table 2; page 906, Table 14; page 908, Graph No. 13)

station



Table 14-A—Number
(See Vol. 24, page 862, Table 2; page 906

of Men's Urinals
, Table 14; page 908, Graph No. 14)

Utatlon



200



Table
(See Vol. 24, page 862,

15-A—Number of Men's
Table 2; page 906, Table

Lavatories
14; page 908, Graph No. 15)



Table 16-A—Area of Women's Toilet Rooms
(See Vol. 24, page 862,
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Table 17-

(See Vol. 24, page 862,

A—Number of Women's Water Closets
Table 2; page 907, Table 15; page 909, Graph No. 17)



Table 18-A—Number of Women's Lavatories
(See Vol. 24, page 862, Table 2; page 907, Table 15; page 909, Graph No. 18)

(a)

Wlniwpsg

OaUand S.P.

Buffalo U.L.iS W.

EiohmO:id Main St.

Provldsnoe

Denver

St. Paul

Chlougo La Salle

Uontreal WltidEor

Chicago C. i K.V.

Clnol-inatl Union

St« Xouls

Waahlngtoa

New York O.C.?.

Boston south

Average

TIo. of
i-ubBenb^ia

Itorrcal

R.i8h

Hour

(b)

1 600

750

930

1 320

3 550

1 525

5 000

11 000

3 500

22 000

3 750

6 680

3 945

21 100

32 000

"^hrou^
of

?otal
i;ixod

(=)

16

47

35

50

16

98

20

11

26

6

60

65

64

10

13

Total
NuTiber

of
Lavato-
ries

(d)

6

9

7

13

9

10

14

12

56

14

Number
per
100

passengers
(Actual)

Ko.per 100
Tasiiengera

for 100°'

Throu^
rtraph

NO. 18

(e)

.28

.53

1.08

.45

.23

.39

.18

.06

.37

.04

.27

.20

.30

.27

.04

100<
Through

(f)

1.20

.54

.72

.50

.44

.64

.41

.53

.47

.53

.41

.40

(k)

39

44

126

56

43

54

36

14

69

10

51

43

57

66

10

25 Lavatories Above 5000

758

» .36 per 100 Fassengers
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Table 19-A—
(See Vol. 24, page 862, Table 2;

Area Ticket Office Space
page 910, Table 16; page 913, Graph No. 19)

(a)

No. of
Fasseng«rs

Sonaal
Hurth

Houx

m

Through
of

(o)

Total
Ar«a
In

Sq.Pt.

(d)

Sq.Pt.
Area
per

rassenger
(Actual)

(«)

iiq.Kt.

pep
rasse.'vjar

for lOOf-

Throu^
Craph Ho. 19

(f)

Area
of

100^
Through

(g)

1. 'VlTinepeg

a. Oakland

3. Buffalo

4« Dlohmond

5. Providence

6. Denver

7. St. Paul

e. Chicago

9. Ilontreal

10. Chicago

11. Cincinnati

12. St. Louis

13. 'kVashlngton

14. Hew York

IE, New York

16. Boston

3.P.

D.L.W.

Main St,

La Salle

'.Vlndeor

c.N.'.y.

Union

G.C.T.

Pann.

South

Average

1 eoo

750

930

1 320

3 550

1 525

5 000

11 000

3 500

22 000

3 750

5 880

5 945

21 100

23 100

32 000

16

47

35

50

16

98

20

11

26

6

80

65

64

10

9

13

1 eoo

450

740

470

1 210

1 490

2 020

3 340

1 730

6 000

1 040

4 400

1 670

6 866

6 106

2 700

1.00

.60

.80

.36

.34

.98

.40

.30

.49

.27

.28

.64

.42

.33

.27

.08

.86

1.27

1.08

.96

.67

.92

.61

.53

.67

.49

.67

.57

.66

.50

.49

.48

116

47

74

37

51

107

66

57

73

55

4a

112

64

66

55

17

64.9

5000 s 3050 aq.ft. Above 5000 s .46 sq.ft. Per Passeiigr^r.



Table 20-A—Number of Ticket Windows
(See Vol. 24, page 862, Table 2; page 910, Table 16; page 913, Graph No. 20)







Table 24-A—Area of Dining and Lunch Rooms
(See Vol. 24, page 862, Table 2; page 916, Table 19; page 914, .Graph No. 24)

station
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Table 25-A—Seating Capacity of

(See Vol. 24, page 862, Table 2; page 917,

Dining and Lunch Rooms
Table 20; page 922, Graph No. 25)

(a)

Nunber of
Paisoerigers

nuah
Hoar

(b)

Through
of

fotal
!:lxed

(0)

Total

II urate r

of
I

Seats

Number
per
100

Passengers
(Actual)

(d) (9)

Number
per ipo

Passoiigers

for 100^
^irou^

Graph :To.25

(f)

Ul»d
Of lOOf?

Birou^

(K)

1. Wlnnepeg

3. Buffalo D.L.W.

4. Hlohmond Main St.

5. providence

5, Denver

7. iit. Paul

6. Chicago La Salle

9. Uontreal Windsor

10. Cbloago C.N.V/.

11. Cinolnnati Onion

12. St. Louis

13. Washington

U. New York G.C.T.

15. Hew Yorlt Penn.

16. Boston South

Average

1 800

930

1 320

3 550

1 525

5 000

11 000

3 500

22 000

3 750

6 oeo

3 945

21 100

23 100

32 000

16

35

50

16

98

20

11

26

6

60

65

64

10

9

13

56

50

67
.

45

112

263

414

265

299

100

700

316

550

432

514

3.1

6.4

5.1

1.3

7.3

5.7

3.8

7.6

1.4

2.7

10.2

8.0

2.6

1.9

1.6

9.0

8.2

6.9

8.2

8.0

8.3

8.0

6.1

6.1

8.3

8.0

6.0

7.9

35

56

57

16

82

70

48

92

18

33

126

96

33

24

20
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Table 29-A—Number of Barber Chairs
(See Vol. 24, page 862, Table 2; page 924, Table 23; page 926, Graph No. 29)

St:itloa
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Appendix F

RECOMMENDATIONS FOR FUTURE WORK
Otto Gersbach, Chairman, acting with Whole Committee.

1. Revision of the Manual: Both the Manual and past Proceed-

ings to be carefully reviewed and report submitted to cover all defini-

tions and subject matter which should be included in the Manual.

2. Unit Operation of Railway Terminals in Large Cities, In-

cluding A Revision of Catechism on Unit Operation of Terminals,

AS A Statement of Principles: This subject to be carried over.

3. Scales :

(a) Automatic indicating devices for weighing.

(b) Tolerances for railroad service weighing devices.

(c) Tolerances for testing, adjusting and maintaining rail-

road track scales.

(d) Capacity for motor truck scales.

(e) Analysis of Bill H.R. 4465 to regulate and control the

manufacture, sale, and use of weights and measures and

weighing and measuring devices for use or used in trade

or commerce, and for other purposes.

All five items to be handled by the Scale Committee according to

its discretion.

4. Freight Yard Design, Suggesting Economies in Oper,\tion : This

subject to be continued for further study and to include such facilities as

layout for icing of cars, etc.

5. The Proper Size and Aril\ngement of Large Passenger Sta-

tion Facilities as Determined ry the Business Handled: This sub-

ject to be carried over for further study in connection with station

design.

6. Mechanical Means for Controlling or Retarding the Move-
ment OF Cars in Hump Yards.

7. Outline of Work for Ensuing Year.





REPORT OF COMMITTEE XI—RECORDS AND
ACCOUNTS

H. M. Stout, Chairman; V. R. Walling, Vice-Chairman;
E. G. Allen, T. J. Irving,

A. M. Blanchard, F. W. Hillman,
L. H. Bond, Henry Lehn,
*W. A, Brewer, H. T. Livingston,
Z. M. Briggs, L. p. Rossiter,
George H. Burgess, H. J. Sargent,
A. C. Copland, H. F. Sharpley,
H. C. Crowell, C. W. Simpson,
E. B. Crane, F. C. Squire,
L. G. Curtis, W. A. Van Hook,
P. O. Ellis, G. R. Walsh,
J. H. Hande, H. R. Westcott,
C. C. Haire,

Committee.

*Died November 30, 1924.

To the American Railway Engineering Association:

Your Committee on Records and Accounts respectfully submits here-

with its annual report to the Association covering the following assigned

subjects:

(1) Revision of the Manual.

No revisions are offered this year.

(2) Cost-keeping methods and statistical records.

The first progress report on this subject, which is a combi-

nation of the two subjects:

(a) Cost-keeping methods and statistical records, and

(b) Forms for analyzing expenditiires for assistance

in controlling expenditures

was presented to the Association in 1920 (see Bulletin 222,

December, 1919, and Volume 21, Proceedings of the American
Railway Engineering Association.)

The second progress report was presented last year (see Bul-

letin 264, February, 1924). The final report is now submitted

(Appendix A).

(3) Plans, methods and forms for gathering and recording data for

keeping up to date the physical and valuation records of the

property of railways.

A preliminary report on this subject is herewith submitted

(Appendix B).

(4) Feasibilty of reducing the number of forms used in the Engi-

neering and Maintenance of Way departments, combining forms
and simplifying those retained.

This subject is still under consideration but the report is

not prepared.

Bulletin 274, February, 1925.
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(5) Methods for recording and accounting for the determination of

proper allowance for Maintenance of Way expenses due to

increased use and increased investment, assisting- the Committee
.

of Economics of Railway Operation.

Report on this subject is still delayed, awaiting conclusions

on the units of measure and basic principles.

(6) Revision of the I.C.C. Classifications of Accounts.

There is little to be added to the report made to the Asso-

ciation last year. The resolution adopted by the Convention

in March, 1924, produced no observable effect in the way of

increasing the receptivity to the suggestions of the Special Com-
mittee of Engineers of the A.R.A. by the Railway Accounting

Officers Association.

At the direction of the Committee on General Accounts of

the R.A.O.A. the Special Committee of Accountants which co-

operated with the Bureau of Accounts in the preparation of the

tentative revision of the classification of Operating Expenses

(draft of November 20, 1923) drew up another revision of the

Operating Expense Classification, the submission of which to

the Director of the Bureau of Accounts, Interstate Commerce
Commission, as a progress report was approved at a meeting

of the Committee on General Accounts in New York, September

10 and 11, 1924.

Commissioner Eastman of the Interstate Commerce Com-
mission, in a letter to the Thirty-Sixth Annual Meeting of the

Railway Accounting Officers Association, assembled at San

Francisco, July 9, 10 and 11, intimated that cost accounting as

a principle was being given consideration in connection with

the revision of the Operating Cxpense Classification.

Progress on the revision of the other classifications by the

Interstate Commerce Commission, whatever has been done, has

not reached the stage of distribution of tentative drafts.

(7) Comparison of daily- and monthly time and material reports.

The first progress report on this subject is herewith pre-

sented (Appendix C).

The recommendations of forms, their specifications, and

directions for their use will be included in the final report as

recommendations to be included in the Manual.

(8) Outline of Work for ensuing year.

See "Recommendations for future work" below.
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Action Recommended

Your Committee's recommendations are as follows

:

1. That Appendix A be received as a final report on the subject of

Cost-Keeping Methods and Statistical Records, and that the matter con-

tained in Appendix A, except the appended note on supplementary

bibHography, be approved and incorporated in the Manual.

2. That the report on subject No. 3, given in Appendix B, be

received as a progress report,

3. That the report on subject No. 7, given in Appendix C, be

received as a progress report.

Recommendations for Future Work

1. Revision of the Manual.

2. Plans, methods and forms for gathering and recording data for

keeping up-to-date the physical and valuation records of the property

of railways.

3. Feasibility of reducing the number of forms used in the Engi-

neering and Maintenance of Way Departments, combining forms and

simplifying those retained.

4. Methods for recording and accounting for the determination of

proper allowance for Maintenance of Way expenses due to increased use

and increased investment, collaborating with the Committee on Economics

of Railway Operation.

5. Revision of the I.C.C. Classifications of Accounts.

6. Comparison of dailj' and monthly time and material reports.

In Memoriam

Major William Avery Brewer, a valued member of this Committee

since March, 1922, died Sunday, November 30, 1924, of injuries sustained

in a tragic accident when returning home in Lombard, Illinois, the eve-

ning of Thanksgiving Day. The Committee wish to record here their

appreciations of the many estimable qualities of Major Brewer and their

profound regret at his untimely death.

Major Brewer served with distinction in the Engineers Corps in

the World War and was cited for gallantry.

Respectfully submitted,

The Committee on Records and Accounts,

H. M. Stout, Chairman.
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Appendix A

(2) COST-KEEPING METHODS, STATISTICAL RECORDS,
AND FORMS FOR ANALYZING EXPENDITURES FOR
ASSISTANCE IN CONTROLLING EXPENDITURES

V. R. Walling, Chairman, Sub-Committee; A. M. Blanchard, C. G. Haire,

J. H. Hande, F. W. Hillman, H. T. Livingston, W. A. Van Hook.

Cost-Keeping and Statistical Records, as applied to Railroad Main-

tenance, are so closely related that one may not well be considered with-

out the other. For example, the cost of renewing ties per unit for a

certain period of time is arrived at by cost-keeping but the result is a

statistical record, and the statistical records of the number of ties placed,

their cost, and the labor cost of renewing furnishes the information

from which the cost is determined.

Figures obtained from Cost-Keeping and data shown by Statistical

Records serve as a record of past performances, but become of greater

value when proper application of them is made. Thus, to know the

cost of renewing ties per tie is to establish a measuring stick for making

comparisons of cost of future renewals with incentive to reduce the cost

and establish new measuring stick, and to know the length of life of

ties in track and their costs lays the foundation for the study of the

economic renewal of ties. In both instances the trend is toward effi-

ciency and economy, the product of Cost-Keeping and Statistical Records,

with the logical conclusion leading to the control of expenditures.

Forms for Analyzing Expenditures for Assistance in Controlling

Expenditures are dependent upon Cost-Keeping and Statistical Records.

In the following discussion these subjects are treated under their re-

spective headings, but their close relationship should be kept in mind.

Carriers are constantly striving to get the maximum worth of the

maintenance dollar. They should be able to show that their expenses

are efficiently and economically handled as a matter of sound business

practice, but since the passage of the Transportation Act, 1920, it is

essential that this information be readily available in handling matters

with the Government pertaining to the recapture clause of this Act.

Fundamentals for these purposes require knowledge of the unit costs

of maintenance, with comparisons of the costs of one period of time

with another and of one location with another, and where several

methods are in use, one method with another.

In the handling of these subjects, forms have been submitted as a

guide for compiling the information and illustrating methods. It is not

the recommendation that all the forms be printed for use, as it will be

found that in some instances the information may be satisfactorily worked

up on suitable cross-section paper in the drafting office, from which

blue prints may be made, or the information may be typewritten as a

form, with carbon copies, or for blue printing.
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A minimum of forms should be printed until an individual road has

developed them to its satisfaction, after which it becomes a question of

economy and convenience to have them printed or continue with having

them prepared as above suggested.

COST-KEEPING METHODS AND STATISTICAL RECORDS

Definitions.

Cost-Keeping is the recording of the expenditures made in doing

work for the purpose of having knowledge of the progressive cost of

the project, if desired, and of the total cost when completed, and in

such units as may be established. Fundamentals for this purpose require

that there be an accurate record of all the units of material and their

costs, with all the costs for applying such material, with proper credits,

if any, for material salvaged.

Statistical Records are authenticated information or data in graph-

ical, tabular or statement form relating to physical characteristics, cpn-

ditions, cost and such other information as may seem desirable for

preservation, systematically gathered.

Essentials in Preparing, Assembling and Using Data.

In preparing, assembling and making use of data for these purposes

certain fundamentals must be observed.

It must first be determined in what unit the information is required,

such as cost of renewing ties per tie, relaying rail per mile, painting

bridges per ton of steel, maintaining roadway and track per equated

track mile, etc. An analysis of the accounting and statistical routine

should then be made to know that the information required is readily

available, and if not in proper form it must be made to fit the require-

ments.

The field data are the foundation of Cost-Keeping and must be

secured in sufficient detail for the purpose and be accurate. The as-

sembling of the field data and the computation and compiling of costs

should be performed in that office best prepared to handle, depending

upon the road organization. Duplication of work should be avoided and

best results will be obtained where it is handled by those most familiar

with the character of the work.

Reports and the work connected therewith must be easily understood.

Each step in securing and assembling the data must be simple and the

transition from one step to the next must be logical and in progressive

order, not involved or complicated.

Data must be economically assembled. Where possible, use should be

made of information already at hand, and existing facilities should be

adapted or expanded for its future accumulation. It should not cost

more to get the records than they are worth, or can be effected in savings

brought about from their lise.

Records must be for a purpose and the more specific and better

defined the purpose the more valuable will be the result.
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Reports and records must be periodic, not only as to the time interval

they cover but as to the time they are available. With information

readily available bad practices may be discovered as soon as they begin

and promptly corrected, lagging performances checked and control of

expenditures facilitated. The necessities of the case will determine the

report frequency.

Information must be comparable. Data should be in sufficient detail

to make the difference portrayed by the comparison intelligent, but too

much detail is confusing and should be avoided. The number of com-

parisons which should be made to permit a fair criticism should be

sufficient to give a true picture of the situation.

Data should be properly used. If not used, its preparation is a

waste of money, and the compilation of such. information should be dis-

continued at once. It should be possible from good records to predict

results, to locate a trouble definitely and to point out the possibility of

further progress and improvement. In the last analysis, proper use and

the savings effected thereby is the final gauge of the value of any

statistical record.

Application to Expenditures for Maintenance of Way and Structures.

It is the purpose of the following discussion to make application

of the foregoing to Expenditures for Maintenance of Way and Struc-

tures, and show how unit costs of individual items of woi'k and costs of

maintenance per equated track mile or similar unit may be determined,

and submit forms as a guide for obtaining these results.

A study of this character should follow as nearly as possible the

accounting routine laid down by the Interstate Commerce Commission,

because the charges are assembled and reported by all carriers according

to this schedule, and an analysis upon this basis can therefore be more

satisfactorily made and the results will be comparable.

The Classification of Operating Expenses, as prescribed by the Inter-

state Commerce Commission, was not formulated to show directly unit

costs of Maintenance and the limitations of the accounting in that respect

control the kind of an analysis of maintenance costs that can be made.

Further consideration of .these matters points out that this study may
be resolved into three natural classifications. They are as follows and

will be treated in their respective order:

(1) Maintenance Costs from Primary Accounts.

(2) Maintenance Costs froin Sub-Primary Accounts.

(3) Maintenance Costs from Special Cost Study.

(1) Maintenance Costs from Primary Accounts

By this is meant, as the term implies, that study of the costs of

railroad maintenance that may be made of the charges to the Interstate

Commerce Commission Primary Accounts as regularly assembled. These

charges merely give total expenditures to the various accounts and are

not prepared to show unit costs of performing any particular branch of
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the work, but as will now be shown these data may be easily compiled

to show unit cost of Maintenance of Way and Structures per equated

track mile or similar unit.

The Expenditures for Maintenance of Way and Structures are to

be grouped under three headings—Roadway and Track, Bridges and

Structures and Miscellaneous, with the appropriate primary accounts

under each heading. Most of the primary accounts are made up of

labor and material charges, so that it is not possible to obtain directly

from the accounts a segregation of these two important items.

The unit established in this discussion is "Equated Track Mile,"

which is the ideal unit for cost data of this kind, as it is made up of

weighted values of the different track items and is readily comparable.

If a carrier prefers, "Track Mile Maintained" or similar unit maj'^ be

substituted.

Form shown as Exhibit "A," is designed for assembling the data, all

of which is readily available from the carrier's records, and securing

such unit costs as can be obtained from this information. As previously

pointed out, because of the limitations of the accounting, these unit costs

will not show cost of individual work but will show unit cost of Road-

way and Track, Bridges and Structures and Miscellaneous, and total

cost of Maintenance per Equated Track Mile or similar unit.

From an inspection of the form it will be noted that Column (7)

is the total of Account 202—Roadway Alaintenance, and Account 220

—

Track Laying and Surfacing. These two accounts contain practically all

the labor expended for Roadway and Track so that Column (8) will

show very closely the labor cost of Roadway and Track per mile. Column
(14) will show unit cost of Roadway and Track, Column (21) unit cost

of Bridges and Structures and Column (27) unit cost of Miscellaneous

Expenditures per mile.

Unit costs used especially for comparative purposes should have

those items excluded that fluctuate considerably and tend to distort the

results. Column (28) is the total of the three sub-divisions, Roadway
and Track, Bridges and Structures and Miscellaneous, as shown on
Exhibit "A," and Column (29) is the total cost per mile of what may be

termed ordinary maintenance or that maintenance which is under control.

Additional items of Maintenance which may fluctuate greatly and
are beyond the control of the official in direct charge are

:

Removing Snow, Ice and Sand Column (30)
Assessments for Public Improvements Column (31)
Maintaining Joint Tracks, Yards and Other

Facilities—Debit Column (32)
Maintaining Joint Tracks, Yards and Other

Facilities—Credit Column (33)
Charges to Maintenance from A.F.E. Work. Column (34)
Cost of Floods, Etc Column (35)
Other Miscellaneous Charges Column (36)

The grand total cost of any work should include all extraordinary

items. The charges above shown. Columns (30) to (36) inclusive, are
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added to the total cost of Ordinary Maintenance, Column (28), to make
Grand Total, Column (38), and the cost per mile of this total is given

in Column (39).

This form is for use on a division of road, or the information of

several divisions may be assembled for a major division, and this infor-

mation assembled for the entire road. The data on this form is to be

shown monthly for the current year, with comparison with the same
months of the two preceding years, with record of charges and costs

for the current year, when concluded, with cotnparison with sufficient

number of preceding years to give a true picture of the relative costs.

Summarized, the form will show comparison of expenditures of the

principal items of Maintenance by months and by years, and will also

show the following unit costs per equated track mile for the same
periods.

Labor Cost of Maintaining Roadway and Track
(Accounts 202 and 220).

Total Cost of Maintaining Roadway and Track.
Total Cost of Maintaining Buildings and Structures.

Total Cost of Miscellaneous.
Total Cost of Ordinary Maintenance of Way and Struc-

tures.

Grand Total Cost of Maintenance of Way and Struc-
tures.

The form is submitted as a guide for cost study. It is easily seen

that it may be further consolidated to show less detail, or enlarged to

show more detail. Used as outlined it will be found to be of value in

analyzing expenditures and costs and subsequently controlling expendi-

tures.

(2) Maintenance Costs from Sub-Primary Accounts

By this term is meant that study of the costs of railroad maintenance

that may be made of any branch of the work by the sub-division of the

primary accounts in such manner that the charges are allocated to the

subject under consideration so that unit costs for that class of work
may be determined. This is necessary because it has been found in

making a study of Cost-Keeping, as applied to Railroad Maintenance,

that the charges to the Classification of Accounts as now prescribed by

the Interstate Commerce Commission do not furnish the information for

an analysis of the unit costs of maintenance of roadbed, track and

structures.

Thus Account No. 220—Track Laying and Surfacing, includes cost

of renewing ties, rail, frogs, switches and crossings, lining, surfacing

and gauging track, re-ballasting and other items. This and other ac-

counts, both labor and material, need further classifying before costs

of doing certain work can be properly determined.

This may be accomplished by assigning sub-accounts to the several

classes of work, as:
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220-A—Renewing Ballast.

220-B—Renewing Ties.

220-C—Renewing Rail.

220-D—Renewing Frogs, Switches, Crossings, etc.

The sub-division of primary accounts is recommended as good prac-

tice, but it must be understood that it involves some additional expense,

which expense is justified if the information thus obtained is used in

determining and comparing unit costs, and has for its ultimate purpose

the economy of maintenance. The refinement to which this may be

carried is not altogether unlimited and should be determined by the

value that may be obtained from such an analysis, compared with the

cost of securing the information.

Exhibit "A" has been discussed as the base form for making cost

studies under classification "Maintenance Costs from Primary Accounts,"

and it may also be used as the base for making cost studies of individual

items of Maintenance of a division or road, combined with all the other

items of Maintenance, so as to secure unit costs of individual work and

as a final result obtain the cost of Maintenance of Way and Structures

per equated track mile or similar unit.

Exhibit "B" has been designed to show the application of this method
to Roadway and Track. Expenditures are segregated to Labor and

Material. Labor is further segregated to the main items of work, such

as re-ballasting, renewing ties, renewing rail, ditching, care of roadbed,

patrolling and watching, etc., with appropriate units for each class of

work and with quantities of materials used, thus giving the information

for determining unit costs. Expenditures for material are segregated

to the appropriate account numbers.

The form as submitted will show comparison of expenditures to

the segregated items of Maintenance by months and by years, and will also

show the following unit costs for the same periods

:

Labor Cost of Cleaning Stone Ballast. . .Per Track Mile
Labor Cost of Ballasting with Stone Per Cubic Yard
Labor Cost of Ballasting with All Other

Ballast Per Cubic Yard
Labor Cost of Renewing Main Track
Ties Per Tie

Labor Cost of Renewing Side Track
Ties Per Tie

Labor Cost of Renewing Switch Ties. . .Per M. Ft. B. M.
Labor Cost of Respacing Ties Per Track Mile
Labor Cost of Renewing with New Rail. Per Gross Ton
Labor Cost of Renewing with Repair

Rail Per Gross Ton
Total Labor Cost of Track Renewals. . .Per Equated Track Mile
Labor Cost of Lining, Surfacing and
Gauging Per Track Mile

Labor Cost of Ditching Per Mile of Ditch
Labor Cost of Care of Roadbed Per Track Mile
Labor Cost of General Cleaning Per Track Mile
Labor Cost of Patrolling and Watching. Per Track Mile
Total Labor Cost of Roadway and Track
(Man Hours) Per Equated Track Mile

Total Labor Cost of Roadway and Track
(Dollars) Per Equated Track Mile

Total Material Cost of Roadway and
Track Per Equated Track Mile

Total Labor, Train Service and Material
Cost of Roadway and Track Per Equated Track Mile
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Column (58) of Exhibit "B" will show the total charge to Roadway
and Track, and is identical with total charge to Roadway and Track,

Column (13), of Exhibit "A," and these totals will be the summation
of charges to the several accounts as shown by the carrier's records.

Normally the expenditures for Roadway and Track will approximate

60 per cent to 70 per cent of Total Expenditures for Maintenance of

Way and Structures, the balance being divided between charges to Build-

ings and Structures, Miscellaneous and Extraordinary Expenditures as

shown on Exhibit "A."

Many of the items comprising these last named three sub-divisions

do not lend themselves readily to unit cost analysis and most of the

remaining do so but indifferently. It would seem, therefore, that, except

for such items as might be the subject of special cost study as an indi-

vidual road would determine, the most available and most satisfactory

comparison is that of money expenditure for similar periods of time as

shown on Exhibit "A."

Exhibit "B" may, therefore, be concluded with Column (59) as a

form for Analyzing Expenditures for Roadway and Track, or supple-

mented with Columns (15) to (39) inclusive of Exhibit "A," thus making

a complete Exhibit of Expenditures for Maintenance of Way and Struc-

tures. If the combined forms should be thought unwieldy, this objection

can be met by preparing two forms, the first to be Exhibit "B," as

submitted, showing in detail the Expenditure for Roadway and Track,

the second to be similar to Exhibit "A" with Columns (5) to (12)

inclusive under heading Roadway and Track omitted and two Columns,

(13) and (14), retained showing Total Cost and Cost per Mile, which

information would be taken directly from Columns (58) and (59) re-

spectively of Exhibit "B."

Like Exhibit "A" this form is intended as a guide for cost study

onl}% and may be consolidated to show less detail or enlarged to show
more detail, as the road making use of it may determine.

In Cost-Keeping analyses the generally accepted unit of value is the

dollar. The principal objection that may be raised to the use of this

unit is the difference in the wage rate per hour in different localities

even on the same road for the same class of work. The best unit of

measure for labor is undoubtedly the hour, and in studies of efficiency

for comparing work performed, hours worked instead of dollars expended

would doubtless prove the more satisfactory unit. In studies of this

nature, however, it can not be easily combined with money values of

material and the dollar unit should be used.

(3) Maintenance Costs from Special Cost Study

Maintenance cost studies (1) and (2) has to do with total unit

costs of work performed, such as Expenditures for Roadway and Track

per equated track mile, total cost of renewing ties per tie, relaying rail

per gross ton, etc., with the- ultimate object of economy of maintenance
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Any specific work is made up of a number of operations repeated for

each unit of installation ; to be certain that the cost of doing the work

as a whole is being economically performed the principal individual steps

in carrying on the work should be analyzed and costs determined and

compared. Without repetition it will be understood that the routine of

accounting and gathering of the statistical information, as previously

outlined, for handling of special cost studies has already been provided.

There is a large field of cost study in this line, but it is not practical

or necessary to give examples of all. Typical subjects have been selected

and practically the same method of handling may easily be applied to

other subjects. The subjects considered are as follows:

Cost of Renezving Cross-Ties—Exhibit 1

This Exhibit will show material cost of tie, train service expense in

handling, and detail of labor expense in making the tie renewal with

total cost per tie.

This information will also be shown graphically on the Exhibit with

comparison of similar data for preceding years, from which the com-

parative costs and the trend are readily noted.

The cost of renewing switch ties and bridge ties may be shown in

like manner.

Cost of Renewing Rail—Exhibit 2

A number of operations are involved in the relaying of rail and the

cost of the work will depend to some extent upon how it is handled,

that is, if it is laid under traffic, by hand or by machine.

This Exhibit is designed to show this information, with cost per

unit and cost per mile, segregated to labor, work train service and material

and combined for total expense.

The data thus obtained should be of much value in showing the

cost of any one project and for making study of comparison of cost of

similar work done under other conditions and with other methods.

Cost of Painting Bridges per Ton of Steel and per Square Foot of Sur-

face Area—Exhibit 3

One of the principal items of the cost of maintaining steel bridges is

cost of painting. This Exhibit is designed to be used for individual

bridges, but with slight modifications it may be used for all bridges of

a type or for all bridges of a division or system.

It will be found useful in comparing efficiency of painting gangs on

the same division or one division with another, and in making com-
parison of the merits of different brands of paint.

Similar forms maj' be prepared to record cost of painting buildings

and other maintenance costs where the work is in sufficient volume to

justify the record.
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Cost of Maintenance and Operating Coaling Stations—Exhibit 4

This Exhibit is designed to give comparative data of the cost of

maintenance and of operation of Coaling Stations by years and by types

of plant. This form may be subject to criticism because of the inclusion

of cost of operation, but it has been prepared in this manner because

there are roads where the management of operation as well as of mainte-

nance rests with the Engineering Department, and also where it is an

Engineering duty to investigate cost of operation and to assist in the

selection of the proper type of station.

The cost of maintaining and operating water stations, cinder pits,

etc., may be obtained in like manner.

STATISTICAL RECORDS

Statistical Records of Maintenance of Way and Structures cover a

large variety of subjects, and include such items as number of ties re-

newed, tons of rail laid, cubic yards of ballast placed, man hours worked,

etc., and also include costs of work performed either in unit assigned

or in total. Exhibits "A" and "B," while developed for the purpose of

illustrating Cost-Keeping Methods, are none the less Statistical Records

which show periodical expenditures to the several sub-divisions of main-

tenance and unit costs of certain items.

Some typical forms for recording statistics in connection with railroad

maintenance and for use in the study of maintenance costs are presented

herewith

:

Hourly Rates of Pay of Trackmen—Exhibit 5

This chart provides for a graphic representation of hourly rates of

pay and also the length of the working day. Prior to 1917 there had

been but little variation from year to year in these items, but subsequently

rates of pay were increased more than 100 per cent and the working day

generally reduced from ten hours to eight. In comparing expenditures

per unit of work from year to year and making a study of the same, it is

necessary that the information as to rates of pay and hours of labor be

readily available that a true comparison of the cost per unit may be had.

Hourly rates of pay of other classes of labor may be charted on

similar forms.

Average Cost of Ties and Rail—Exhibits 6 and 7

These two Exhibits show in graphic form a method of recording the

average cost of cross-ties and of rail. As additional information, on

Exhibit 7 is shown average cost of relayer and scrap rail.

Comparison of Tie Renewals—Exhibit 8

This chart shows a comparison of tie renewals, estimated and actual,

from the year 1900 to and including the current year. The chart also

shows number of ties in track on sub-division, division or road, with



Records and Accounts 785

annual renewals to be made, based on varying lengths of life of ties

from five (S) to twenty (20) years.

The actual average life of ties in track is also shown. The method

used for determining this for any year is to ascertain the number of

prior years required to accumulate total renewals equal to the average

number of ties in track on the section of track under consideration.

This chart will show the trend of longer life of tie, due to greater

use of treated ties and tie plates.

Rail in Track and Rail Renewals—Exhibit 9

This chart shows in statement form rail in track^—^both gross tons

and track miles, also rail renewals in gross tons, track miles and in

track miles per cent.

Renewals in track miles is shown graphically. This unit is chosen

rather than gross tons, as it is believed it will more accurately represent

comparison by years.

If gross tons is used as the unit, the renewal with heavier section

rail will distort the graphical yearly comparison. The same thing is true,

of course, with track miles as the unit in case of mileage added to the

track section under consideration, but the unit used should be the more

constant.

Graphical Comparison of Hours of Labor Worked—Exhibits 10, 11 and 12

Exhibits 10 and 11 show total labor worked in the several sub

divisions of Maintenance of Way and Structures; the former gives com
parison by months for the three preceding years, thus showing the

seasonal variation, while the latter gives comparisons by years.

Over a period of years, the sub-divisions in Exhibit No. 11 may
show a decided trend. Thus, due to increased use of signals and elec-

trical equipment, the hours of labor will show a rising trend, while

permanent bridges, more substantial buildings, etc., should reduce hours

of labor and show a decreasing trend in that sub-division.

Exhibit 12 gives comparison of total hours of labor worked main-

taining roadbed and track per road mile, track mile and equated mile.

If the amount of work to be done yearly were constant, this form
would show the relative efficiency of labor and supervision. Allowance,

however, may be made for this variation and the chart should be of

value in assisting in the control of expenditures.

Graphical Comparison of Expenditures—Exhibits 13, 14 and 15

Exhibit 13 shows comparison of Total Expenditures by years for

Maintenance of Way and Structures, and sub-divided into Roadway and
Track, Bridges and Buildings, Signals and Electrical and "All Others."

Exhibit 14 gives comparison of total cost of maintaining roadbed

and track per road mile, track mile and equated track mile.
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These two forms are the same as Exhibits 11 and 12, except that

while expenditures are charted on these, hours of labor are charted on

them.

Exhibit 15 shows comparison by years for expenditures per 1,000,000

Gross and Net Ton Mile.

FORMS FOR ANALYZING EXPENDITURES FOR ASSISTANCE
IN CONTROLLING EXPENDITURES

Control of Expenditures.

Control of Expenditures is the regulation of expenses and in its

larger sense is a function of management.

Management has to do with service to the public, upkeep and better-

ment of the property and provisions for meeting tolls for use of capital.

The cost of capital is fixed and the cost of service to the public is

variable only to the extent that business fluctuates or economies in trans-

portation are effected, as the service must be performed and its character

should not be deteriorated.

Control by Fixed Amounts.

The amounts to be expended for upkeep and betterment of property

are first established through the medium of a program or budget de-

termined by the condition of the several units of the property, the esti-

mated requirements of the property for the succeeding period or periods,

based to some extent upon experience of past similar expenditures, and

predicated upon the anticipated revenue being sufficient to meet the

estimated expenses.

When revenues are not produced as anticipated the management,

mindful of its duty to the public for service and to the lenders of capital

for their charges, is confronted with the problem of reducing the expendi-

tures to meet the necessities of the case. The practical method of doing

this is to allot stipulated amounts for expenditures for certain divisions

of work for designated periods, with the responsibility of the proper

distribution of the allotment left to those more directly in charge.

Two Exhibits are herewith presented showing Control of Expendi-

tures by Fixed Amounts.

Estimated Expenditures of Maintenance of Way and Structures for Cur-

rent Month of Current Year, Compared ivith the Sa?ne Month of the

Three Previous Years—Exhibit 16

Estimate is prepared by Interstate Commerce Commission Accounts

and compared with the Actual Expenditures for the three previous years,

as shown on the form. The management may restrict the proposed

expenditures to a certain sum, to the average expenditures of the last

three years or to last year's expenditures. If the estimate exceeds the

allowance, reductions are made in those accounts where the work is the

least urgent.
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When the actual expenditures for the month estimated have been

received they are entered on the form for checking accuracy of the esti-

mate with the actual and for assistance in preparing next month's

estimate.

Totals for period to date furnish check on actual and estimated

expenditures of the current year.

Estimated Expenditures of Maintenance of Way and Structures for

Current Month of Current Year—Exhibit 17

The general plan of dealing with expense of the Maintenance of

Way Department is that the Engineer, after conferring with the Super-

visors, prepares and submits to the Superintendent a statement on this

Exhibit on which is shown the force to be worked the coming month,

by Supervisor's districts, and on the same form is shown the force

worked in the corresponding month of the preceding year. Under the

title of expense is shown, by accounting items, the estimated total expendi-

tures, including both labor and material ; also such portions of expense

which may be chargeable to Additions and Betterments, and this likewise

is compared with the same period of the previous year. This statement

is accompanied by a very full and complete detail showing the general

plan to be followed during the succeeding month. Quantities and values

of various kinds of material to be used are included on this detailed

statement and this information, after being approved by the Superin-

tendent, is furnished in triplicate through the General Superintendent's

office, to the Engineer Maintenance of Way on the 20th of the month.

The Engineer Maintenance of Way then prepares his recommendations

and submits them to the General Manager on the 24th of the month for

authorization.

As soon as the Engineer Maintenance of Way has been advised what

he will be permitted to expend in this particular month, a conference is

held at the office of the Engineer Maintenance of Way, which meeting

is attended by the General Superintendent and District Engineer of the

grand district, and all of the Superintendents and Engineers within such

grand district, at which time a general discussion is conducted in which

Division Officers are encouraged to express freely their views and recom-

mendations covering the work at hand. At this meeting the Engineer

Maintenance of Way and General Superintendent decide upon the ex-

penses, which, in their judgment, are necessary and advisable. In case

all the expenditure requested has not been authorized, the amount of

money to be spent is redistributed between the Bridge, Building, Track,

Water Service and other departments, where most needed.

The value of these meetings and the discussion of the work are

manifold

:

It enables the General Superintendent and District Engineer
to obtain information bearing upon the condition on each Division
that could not be easily obtained in any other way, and provides
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for the monthly appropriation to be expended to the best ad-
vantage.

It provides a means for a better control of practice on the
various Districts and Divisions, and may prevent the use of
extravagant methods on lines where the character or quantity
of business would not justify as high a class of railroad as on
more important lines.

It assists in formulating plans for carrying on the work in a
quick and thorough manner, which could not be so well accom-
plished by correspondence, and minimizes to a very great extent
letter writing and the making of reports.

It is of great value to the Division Officers in encouraging
them to express their views and opinions about this very important
feature of the work. It strengthens them in their responsibility

toward the proper maintenance of their territories, makes them
feel that their views are worth considering, and brings them in

closer contact with the General Officers.

The monthly allotment decided upon is given the Division Officers

at this expense conference, and the Superintendent and Engineers on

reaching their headquarters, call a conference of their Supervisors. The
expenditures are divided in an equitable manner, each Supervisor being

given a definite allowance of men and material covering the thirty-day

period.

The Supervisors in turn advise their respective foremen of their

allotment of men and material for the month,, and in order to regulate

the appropriation, the foremen daily furnish their Supervisors with a

statement of the amount of force and material used on the work under

their jurisdiction. The Supervisors consolidate these reports and forward

them to the Engineer, with the result that the Division Officers have

immediate knowledge of total expenditures to date.

When extraordinary conditions arise during the month, such as

washouts, wrecks, snowstorms, and the like, the practice is to have the

Division Superintendents, through their General Superintendent, advise

the Engineer Maintenance of Way just how much additional allotment

is required. If this extraordinary expense is found extensive, the Engi-

neer Maintenance of Way orders retrenchments on various Divisions of

the System in order to ofifset the extraordinary charges.

After the accounts are closed for the month, the Engineer prepares

a statement on this Exhibit showing the actual expenses and the allot-

ment figures, together with a detailed explanation of the increases and
decreases in each account.

Control Through Economy of Maintenance.

In the discussion under Cost-Keeping Methods and Statistical

Records, forms have been prepared by which unit costs of maintenance

may be obtained. These Exhibits v/ere designed for Cost-Keeping pur-

poses, but the relationship of these subjects is such that the information

available from these forms may be readily used for analyzing expenses

for assistance in controlling expenditures.
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Thus Exhibit "A" was designed for studj^ing maintenance costs from

data available from the Carrier's primary accounts, and the summary
statement on page 778 shows the information that may be compiled and

made available for analysis.

In the study under Cost-Keeping Methods it was found that by making

appropriate sub-divisions of the primary accounts a larger number of

unit costs could be secured, and Exhibit "B" was designed for that

purpose. The summary statement on page 780 shows the information

that may be compiled and made available for analysis with the use of

that form.

It was further found from the study of Cost-Keeping Methods that

additional cost data could be obtained by cost study of certain items in

addition to that shown from Exhibits "A" and "B," which is discussed

on page 782 under caption of "Maintenance Costs from Special Cost

Study," and forms were likewise designed for these subjects.

The forms above listed will be found suitable for analyzing expendi-

tures for control of expenditures and are recommended for that purpose.

Conclusions

(1) The Classification of Operating Expenses, as prescribed by the

Interstate Commerce Commission, is not formulated to show directly unit

costs of ally item of Maintenance of Way and Structures, but these data

may be compiled to show unit cost of Maintenance per Equated Track

Mile or similar unit.

(2) Unit costs of the main items of Maintenance, particularly those

pertaining to Roadway and Track, may be determined by sub-division of

the primary accounts in such manner that the charges are allocated

to those items. This sub-division of primary accounts involves some addi-

tional expense, which is well justified when the information thus obtained

is used in determining and comparing unit costs, and is recommended as

good practice.

(3) Analyses of the costs of the details of any iten\ of Maintenance

can not be made from the primary accounts or sub-divisions of primary

accounts, but they may be obtained in the manner desired through special

cost study of that subject.

(4) Cost-Keeping and Statistical Records, applied to Expenditures

for Maintenance of Way and Structures, as indicated in this report, is a

practical matter. Through their application expenses may be analyzed,

economies of maintenance brought about and control of expenditures

facilitated.

APPENDED NOTE
A Bibliography of this subject furnished by courtesy of the Bureau of

Railway Economics at Washington, D. C, was submitted with the 1920

Progress Report of this Sub-Committee, and was published in the Pro-

ceedings (Volume 21) of that year.

A supplementary list of references to bring this Bibliography up to

date is being prepared by the same Bureau and will be published in the

1925 Proceedings.
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Appendix B

(3) PLANS, METHODS AND FORMS FOR GATHERING AND
RECORDING DATA FOR KEEPING UP-TO-DATE THE
PHYSICAL AND VALUATION RECORDS OF THE PROP-

ERTY OF RAILWAYS

C. C. Haire, Chairman, Sub-Committee; A. M. Blanchard, P. O. Ellis,

L. P. Rossiter, C. W. Simpson, F. C. Squire, G. R. Walsh.

The Sub-Committee, in its study of this subject, found it necessary

to divide it into six sub-divisions, and on several no report is being sub-

mitted this year, it being necessary to carry the work over before arriv-

ing at satisfactory conclusions. For the remainder of the sub-divisions

the Sub-Committee submits a progress report.

The sub-divisions of the subject, and those reported upon, are as

follows

:

1. DEFINITIONS OF TERMS

It is considered necessary to continue investigation of this subject

next year.

2. ORGANIZATION FOR COLLECTING, COMPILING, RECORD-
ING AND FILING

The Sub-Committee found that it could not arrive at a satisfactory

report on this subject and desires to continue their study next year as a

part of next year's work.

3. FORMS FOR RECORDING CHANGES IN PHYSICAL
PROPERTY

(a) Field Survey Note Books.

Records of this character consist of Transit note book, Level note

book. Topography note book and Miscellaneous note book, and the Com-

mittee recommends the forms as shown as sample pages, marked Exhibits

1, 2, 3 and 4.

All of the above note books must be of a size convenient for han-

dling in the field, for filing in the office, and at the same time be large

enough to permit the gathering of data in sufficient detail to be readily

transcribed to plans or other forms, either by the maker of the notes or

by others. The sample pages shown in the exhibits are the sizes and

designs in most general use and seem to answer the purposes of Engineers

in general.

The paper should be of good quality and the rulings of fast colors

in order to be proof against adverse weather and other conditions to

which they will be subjected in the field.

Books may be secured either in bound form containing sixty to eighty

pages each, or in loose leaf form with various types of fastenings. There

are advantage? and disadvantages in both of these forms.
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With bound books only one man can use the same book or set of

notes at a time. A book containing certain notes may be desired for

use by both field and office forces at the same time, with the result

that one or the other is delayed or seriously inconvenienced ; also an entire

book containing notes, difficult or absolutely impossible to replace, may
be lost.

With the loose leaf form, one set of men may make the field notes

and either mail or deliver the loose leaves containing them to the office

to be transcribed, which results in speedy handling of the work and elimi-

nates the first-mentioned objection to the bound book.

There is some possibility, with most of the loose leaf forms now on

the market, of leaves tearing out or otherwise escaping from the binder

and becoming lost. It will readily be seen that this might prove to be a

serious loss. The same objection holds with reference to sending in

loose leaves by mail unless an exact copy of all notes is kept by the

field party.

There is the further possibility that, unless a copy of all notes is

kept by the field party, notes may be sent in, to which reference would

have to be made later in connection with field work.

The loose leaf form of note book lends itself more readily than the

bound book to the use of the typewriter, blueprinting, photostating, or

other forms of quickly reproducing notes where more than one copy is

required ; also it is more convenient for filing purposes, especially in the

case of miscellaneous notes on a variety of subjects and in various loca-

tions such as small maintenance surveys covering industrial sidings, pipe

and wire line crossings, individual bridge surveys, etc.

There are several types of loose leaf binders, as follows

:

(a) Ring with 3, 4 or 6 rings.

(b) Spring in which the leaves are clasped in a grip, either

at the left or top edges.

(c) String.

(d) Covers may be both stiff or with stiff back and flexible

front cover.

Loose leaves or fillers are obtainable as follows

:

(a) In packets, each leaf entirely independent of the other,

(b) In pads, bound on one edge with perforations to permit
leaves being easily torn off,

(c) In pads providing for duplicating of notes, the top leaf

perforated while the under leaf is held in pad form.

Conclusions

(a) For continuous surveys covering many miles of line on which

it is necessary for both field and office forces to work at the same time,

the duplicating field book, either in bound or loose leaf type, is recom-

mended.

(b) For miscellaneous maintenance surveys the loose leaf type is

recommended ; the particular kind of binder is Ring, Spring or String,

to be selected by the user.
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(c) Loose leaf field note or duplicate copies should be filed as a

permanent record.

(b) Final Construction Record—Exhibit 5.

In collecting, compiling, recording and filing all changes in physical

property, it is essential that a "Final Construction Record" be prepared

for each project to show every detail of the construction work from the

start to completion. The construction record should show a chronological

history of the project, progress of the work, difficulties encountered and

all physical features illustrated with sufficient descriptive matter to

clearly portray the construction as carried out.

Too frequently the ordinary construction practice is to work up data

in memorandum form, prepare sketches, mark up drawings, make cross-

sections, working profiles, etc., but all this information is many times

accumulated in disconnected form whereas the carrier's own needs and

the mandatory requirements justify that a systematic method be followed

in compiling, recording and filing the information so that it will be avail-

able for future reference.

The final construction record should be prepared for each job or

project during the progress of work, so upon completion all the data

covering the physical change to the property will be available.

The record should preferably be compiled on a form of the loose-

leaf tj'pe, or using a blanket form that can be adapted to all classes

of work. The location and description of each phase of the work
should be shown and the most logical plan is to list in detail the property

change, by the standard units, under appropriate sub-divisions, by primary

accounts. This record, if compiled by primary accounts, properly indexed

and supplemented with maps and drawings, for each building, track, or

group of tracks, bridge or similar sub-division, will answer all ordinary

purposes as a record of the construction performed.

A form to meet the above described purpose has been designed and

is shown as Exhibit 5. For those cases where property is retired in con-

nection with construction work, a separate form, as shown hereafter,

should be used.

Conclusions

Good engineering practice demands a final construction record show-

ing in detail, units of property added and retired and illustrated by

sketches, plans or drawings.

(c) Engineer's Diary.

In connection with preliminary location and other surveys a written

chronological record should be maintained in a systematic manner of

the work done each day, giving all the essential facts as to forces em-
ployed, work done, weather conditions and other important information.

It is recommended that a leather bound, pocket size diary of approxi-

mate size 4j/2 in. by 6^4 in., with appropriate superheading to show date,

location and weather conditions, be used.
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4. FORMS FOR ANALYSIS OF EXPENDITURES AND COM-
PARISON WITH ACTUAL CHANGES IN PHYSICAL
PROPERTY.

(a) "Consolidation Sheet" for Analysis of Expenditures—Exhibit 6.

In accounting for the expenditures that are incurred for labor,

material and other elements of cost, which originate from payrolls,

material bills, vouchers and from several other sources, and in keeping

Size Bijxllinc^hes

North & SoothRaiVoad
REPORT OF QUANTITIES Iti COMPLETED WORK

Datp Valoaf.on Sec^•on A-FTE. tio..

Location, - iJare of Inventory Triis Reporr.
Description o'^ i^roj&cf: _ --

up-to-date the valuation records, compiling the cost of construction work,

preparation of Roadway Completion Reports and cost data, the expendi-

tures must be accumulated to each designated unit, and, at the same time,

the number of units must be accumulated and reconciled with the

expenditures.
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The purpose of a Consolidation Sheet is to furnish a work sheet so

as to post each month all the matetial items used, together with the

corresponding expenditures, and to accumulate these items and then

finally to compare the accumulation of units with a final inventory, or

units measured from some other sources than the accounts.

In handling the accounting for construction projects it is found that

irregularities occur in accounting practice with such frequency that such

a comparison is necessary for reason of the erroneous detail involved,

and any differences must be credited or debited to the source.

The Committee has found, in actual practice, that numerous work
sheets always must be used, and in order to systematize the method the

use of Exhibit 6 is recommended.

(b) Cost of Property Retired—Exhibit 7.

In the handling of the records and accounts in connection with

Investment accounting that is required by accounting regulations, it is

necessary to ascertain or to develop the cost of property retired by three

classifications, as follows

:

Property Retired and Replaced
Property Retired and Not Replaced
Betterments.

The mandatory regulations require that carriers write out of their

Investment Account units of property retired at ledger value (estimated

if not known).

As this fundamental principle has only been specified in detail in

recent years, the records of many carriers do not show ledger value for

all property classed as "Property Retired and Replaced" that is retired

from transportation service ; accordingly the Committee has deemed it

necessary to design Exhibit 7 to fit the various conditions encountered

in attempting to develop the cost of property retired.

The usual accounting procedure requires that a retirement entry be

set up by the various primary accounts, and, in a like manner, the records

that are required by Valuation Order No. 3 specify that property

which is retired be detailed by accounts.

Another feature that a carrier's own accounting needs require is

that any retirement entry not only should show the accounts to be

credited but those accounts that are to be debited ; accordingly the need

of proper retirement detail is obvious.
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It is considered as approved practice that when developing the

'ledger value" of property retired the following procedure is correct:

(1) Ascertain the ledger value of property retired, if shown on
the carrier's books, and if not, as is frequently the case, there

should be ascertained those units shown in the Engineering

Report (Interstate Commerce Commission) and estimate the

original cost of such units as of the date of construction.

Siz:eeli«llinches E.Mbi» 7

Dote.

North a SoutViRailroad

COST OF PROPERTY RETIRED
Voloatlon 5ec:tion . _ ATE.Mc

nnd Descripstii

Date. "Rei-ireel Was Propcrtu.Deatroued, Moved Or Abandoned., j...

Do+e Originally Cons+rudted -?„.. ...Uncled Authority No — l.

How vyere tVie aoan+ities onti coats ^'vcn tn s+oVemertts belo*^ ob+<»ined?-

Ur-Hl Cost

(2) As it is an accounting fundamental that a unit of property is

anything ordinarily recorded separately in the carrier's In-

vestment Account, such property which is to be retired that

has been recorded on Roadway Completion Report subsequent
to date of carrier's valuation, should be retired at its actual

cost unless the property change is accounted for as a "Better-

ment."
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The conclusion developed in connection with item No.
1 above and subsequent property changes to the carrier's

date of valuation, as reported under Valuation Order No. 3,

should be combined in determining ledger values, when cir-

cumstances require it.

(3) Through the process of maintenance, property changes occur,

the cost of which are not charged to the carrier's Investment
Account ; accordingly an inventory or survey of existing con-
ditions, preceding retirement, is usually necessary as a check
of features No. 1 and No. 2 above, and is further necessary
to develop the salvage to be recovered. Any differences

that may be determined between property actually existing

prior to retirement and as estimated, using the principles laid

down in paragraphs No. 1 and No. 2 above, should not be
credited to the carrier's Investment Account.

The use of the features and principles described in the foregoing

is considered good practice and has the approval of the regulatory bodies

in connection with accounting and valuation.

The use of approved and uniform methods is necessary to conform

with legal requirements, as the amount charged to a carrier's Operating

Expenses in connection with retirements is of vital importance in the

application of the Transportation Act, 1920, and this Committee con-

siders it important to set forth approved procedure.

Amounts credited to a carrier's Investment Account and charged to

''Profit and Loss" for "Property Retired and Not Replaced" are important

in connection with the Internal Revenue Act, as well as for valuation and

other purposes.

This same form is applicable for property retired under the classifica-

tion of "Property Retired and Not Replaced."

For that class of property removed from transportation service, classi-

fied as "Betterments," it is necessary to use work sheets, or a form to

detail units of material that are replaced with improved units and the

form designed will meet that need.

Exhibit 7 as designed contemplates that the report should be divided

into appropriate sub-headings in accordance with the classification of

property retired, viz.

:

(A) Property Retired and Replaced.
(B) Property Retired and Not Replaced.
(C) Property Retired in Connection with Betterments.

Each of the foregoing classifications should be further sub-divided,

when necessary, to the following:

(1) Property Retired, Charged to "Road and Equipment" when
Installed.

(2) Property Retired, Charged to Operating Expenses, or Other
Accounts when Installed.

The statement on this report of "Property Retired, Charged to

Operating Expenses when Installed," is necessary to determine the ac-

counting and salvage recovered. The statement under heading of "Prop-
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erty Retired, Charged to 'Road and Equipment' When Installed," should

be the quantities included in the Engineering Report, or Land Report,

broken down in sufficient detail from inventory notes, D.V. Form No.

107, 108, etc., to which should be added or deducted subsequent detail of

property changes as reported by Valuation Order No. 3 Roadway Com-
pletion Reports; therefore the other statement, consisting of retirements,

originally charged to Operating Expenses, should be all other items

not included under this description.

Conclusions

A form is essential to develop the cost of property retired in any

system of records and accounts involving propcrtj' retirements, and

Exhibit 7 is recommended for that purpose.

(c) Cost Data Analysis—Exhibit 8.

There are a number of methods by which railways can record and

accumulate construction cost data, but none suggests itself as flexible

as the card index form, by units. Accordingly, the Sub-Committee has

designed the form shown. The data is to be recorded from roadway

completion reports. It can be said, however, that a record of this kind

overlaps to a partial extent the record of property change form, which

the Committee is considering in connection with next year's report.

5. MANDATORY FORMS REQUIRED BY FEDERAL
REGULATIONS

(a) A.F.E. ("Authority for Expenditure")—Exhibit 9 (Present Form
1113 Revised).

Consideration has been given to the use of "Authority for Expendi-

ture" in connection with the subject of "Collecting, Compiling, Recording

and Filing Physical Changes in Property," and it has been found that

Form 1113, on page 513, of the Manual, does not cover all features

that must be considered in asking authority to make a change in the

physical property.

Size
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81i» rt X 11 iDdhat

Kortb & South Railroad
it.r.E. Be

ADTHORin rORnPENDITOHE

Authority for an Expenditure of * '.'... 1« r«qu«ated for

the purpoie of to the property

of that le operated by ,

Uoatlon of Projoot: Station or U.

Doaorlptlon of Project:

.ValuBtloo Section

SmiUARV OF E'TIUATE

1. Estimated grooe coat of project •

Amount chargeable to;

2. Reserve for accrued depreciation for pronartv retired. . . •

3. Profit and lose for rrooerty retired
1*. OperatlnK expenses for property retired

5. Value of aalTage recovered

6. Cost of procertv retired •

7. Incidental coete ohari^eable to profit and loss
8. Incidental costs char^abla to operating expenses

9. To other account

10. Net oharaa to propartv Investirent account f
11. Charge to Operating Expeneea-Order of I.C.C. dated January 1**, 1921 •

Total cost to be borne by
i

* "

participated in by *

Reoommended ,_
ni55iT : (Title)

nSiST
'

(Title)
Approved

, —
ritiSri (Title)

(Haoe) (Title)

Approved and Authorized ._
1 Kane) (Title)

Date of Elnal Approval and Authorization -# 19

The Committee has designed and submits a revised Form 1113,

Exhibit 9, which contains provision to secure authority for the fol-

lowing classifications of work:

Additions
Betterments
Property Retired and Replaced
Property Retired and Not Replaced
Property Changes Charged to Operating Expenses, Account

the $100.00 Minimum.

(b) Detailed Estimate Sheet—Exhibit 10 (Present Form 1114

Revised).

Consideration has been given to Form 1114, appearing on page No.

516 of the Manual, and it is thought by the Sub-Committee that there

are more columns shown in detailed estimate form than are generally
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used; accordingly a revised Form 1114, Exhibit 10, as shown, is recom-

mended.

This form is recommended as good practice.

(c) Record of Property Changes.

The Sub-Committee could not arrive at a satisfactorj- conclusion in

connection with this subject and desires to continue the study as part

of next year's work.

6. LIST OF UNITS OF RAILWAY PROPERTY

The Sub-Committee has given consideration to units that are ordi-

narily used in reporting and recording railway construction work and

the units used by the Bureau of Valuation when inventorying the prop-

erty of the railways in connection with Federal Valuation. Considera-

tion has also been given to the published List of Units as designed by the

Bureau of Valuation, collaborating with the Presidents' Conference Com-
mittee and published by the latter organization January 10, 1921.

The List of Units as published by the Presidents' Conference Com-
mittee has been widely distributed and is generally used by the railroads

in complying with the requirements of Valuation Order No. 3. This List

of Units is similar to the Units as used by the various districts of the

Bureau of Valuation in their inventory work. While each district had

slightly different methods, yet in principle the Units, as used, were similar

throughout the country.

The Sub-Committee has concluded that the List of Units published by

the Presidents' Conference Committee, January 10, 1921, has been used

successfully and it is practical to allocate costs to these units and to

record the units in the manner made mandatory by Valuation Order No.

3 and in any construction records. There are a number of slight changes

that should be made that are considered good engineering practice, which

are found necessary due to conditions that have changed subsequent to

January 10, 1921. The Units as published and generally used, by the

Presidents' Conference Committee, have been tested principally in con-

nection with improvements to existing properties of the railroads rather

than on new lines and extensions, owing to very little work of the latter

character being done in the United States since the date of publication.

The Sub-Committee has arrived at the conclusion that changes as

follows should be made, and that the additions be made, as shown below

:

Account No. 2—Land for Transportation Purposes

There should be added to the instructions under this primary account,

requirements that the number of each parcel, map number, zone number,

dimensions, and general characteristics of the land be indicated on the

completion report. The requirements of Supplement No. 1 to Valuation

Order No. 3 make it necessary that sufficient data as to improvements,

character, etc., be reported in that system of reports. As there are occa-

sional transfers in the carrier's accounts between "Land for Transporta-
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tion Purposes," and "Miscellaneous Physical Property," it is obvious that

more complete details are required in connection with all land transac-

tions.

Account No. 3—Grading

The Sub-Committee recommends the addition of the unit "Mattress

(Kind) lin. ft." for work in connection with protection of

roadway, prevention of streams eroding their banks, etc.

RJT^g BV^xllinches

exhibit 10

ffVgaent Form 1114 - R«v. )

North & Sooth Railroad ^
Plan Mo DETAILED ESTIMATE sK«t No.::::o^::'.: si^V^
Office o-F _ 13**"= -- '^ Reference
Location and Description of Project :

Acc't

ho.
Iterns And Description Unit

- ... Rate
Quantity p^y^^ jnf

EBt;mote.d b>j - — . CheoKe ;{ B>j Approved.

Accounts No. 6—Bridges, Trestles and Culverts

The published List of Units under this account does not provide an

item for frame bents under the sub-heading of pile and frame trestles.

Owing to the large number of frame trestles, some prominence should
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be given to a unit of this character and Sub-Committee recommends the

addition of item "Frame bents M. Ft. B. M."

The description for the unit "Pipe, Cast Iron," should be amplified

by the addition of the words (Kind and Specifications). There is gen-

erally pipe with specifications of either light, standard, medium, or heavy

used in railway construction. Accordingly, it is not proper to record units

of this kind under one group.

Account No. 9—Rails

It is considered advisable by the Sub-Committee that the unit of

"Taper rails" be shown under this account in order to avoid any conflict

with any units shown under Account No. 10
—"Other Track Material."

Account No. 10—Other Track Material

The Sub-Committee considers that the units as shown under this

account are substantially correct, but feel that where the unit hundred
weight (cwt.) appears it ^ould be changed to pounds (lb.). It is also

recommended that all joints except plain angle bars be listed by either

joints or pairs with a view to obtaining simplicity.

It is recommended that the description under the unit "Switches,

Slips, Complete," be amplified by instructions to show the distance from
heel of end frogs in order to compute the rail deduction. There are

so many variations between various slip switches that the description

should be complete in regard to this feature.

The unit "Bumping Posts" should be more complete as when any

posts of this kind are not special or patented, such as concrete, earth,

or lumber, there should be recorded full details with the appropriate units

of measurements reported, such as cubic yards of concrete, or common
excavation, or M. Ft. B. M. of lumber.

It is recommended that there be added to List of Units under this

account the following:

Car Stops each
Rail Clips each
Drawbridge Fastenings set

Account No. 12—Track Laying and Surfacing

In view of the preponderance of work being done in connection with

the improvements to the existing line of railroads, it is recommended that

the unit "Lin. Ft." be used in lieu of "Miles" as shown.

It is recommended that new units be added as follows

:

Derails each
Tie Plates each
Anti-Creepers each
Railroad Crossings • each
Bumping Posts each
Bridge and Curve Guard Rails lin. ft.
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Account No. 13—Right-of-Way Fences

It is recommended that the "Lin. Ft." unit be used instead of "Miles"

for right-of-way fences in view of the preponderance of work by railroads

at this time is in connection with improvements to existing properties.

Those minor units shown under this account such as posts, lumber,

wire, etc., should be eliminated and the description for the unit "Fence,"

which is recommended as above should be reported as a "Lin. Ft." unit

and should be elaborated upon in the description. It is illogical to build

up costs to such mmor units as posts, lumber, wire, etc., and fencing

should be described as to type, number of wires, spacing of posts, etc.,

and the cost built up to a "Lin. Ft." unit.

Account No, 15—Crossings and Signs

The Unit "Paving (kind)" should always be reported by indicating

the depth, cushion, and foundation in addition to the kind.

Account No. 15—Stations and Office Buildings

The Sub-Committee suggests that the descriptive matter under the

unit "Building, Complete," for important buildings should be treated more

in detail. A separation should be made in connection with the important

buildings to show units for lumber, floors, brickwork, hardware, structural

steel, roofing, painting, etc.

In major building work it is logical to separate the electrical work as

between fixtures, wiring, conduit, etc., and show the number of outlets.

It is also proper in connection with large building work to break

down the cost of heating and the quantities in connection therewith as

between the heating plant proper, radiation, piping, etc.

It is recommended that the units in connection with stock pen work

be changed so that work of this character can be reported on a "Lin. Ft."

basis for that type of stock pen where fencing is the principal work.

Those stock pens having sheds, concrete floors, etc., should be reported in

accordance with the appropriate units for that class of work shown under

other accounts.

Account No. 18—Water Stations

It is recommended that sufficient descriptive matter be shown under

this account in connection with pipe lines to indicate that a separation be

made between the tank proper and piping beneath the surface of the

ground, so as to obtain a separation at the frost box, in view of the

fact that pipe lines within a frost box are part of the tank system and

not part of the distribution system.

General

The Sub-Committee has no definite recommendations to make in con-

nection with other accounts than shown above, and it is the conclusion

that separation as made other than as commented is logical and good

practice in reporting engineering work and costs.
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LIST OF UNITS

This list of units compiled jointly by the Bureau of Valuation, Inter-

state Commerce Commission, and the Presidents' Conference Committee.

Published by the Presidents' Conference Committee January 10th, 1921.

Account No. 1.—Engineering.

Item Unit

No units are required for this account. Costs shall be shown in the

appropriate columns.

Account No. 2.—Land for Transportation Purposes.

Land for transportation purposes and R. of W Acre or Sq. Ft.

On the completion report, or as a supplement thereto, there should
be sufficient description to cover the general character of the land
reported as a whole. Such description may be indicated as re-

quired by D. V. Forms Nos. 107 and 108. If the carrier so
elects, these forms may be used as a supplement to and form a
part of the completion report.

Account No. 3.—Grading.

Clearing ^ Acre
Grubbing Acre
Excavation

:

Earth or common Cu. Yd.
Loose rock Cu. Yd.
Solid rock Cu. Yd.
Other material (kind) (wet or dry) Cu. Yd.
Unclassified Cu. Yd.

Embankment (kind) Cu. Yd.
Overhaul, team Beyond Ft Cu. Yd. per 100 Ft
Overhaul, train Beyond Ft Cu. Yd. per 1,000 Ft.

Protection of roadway:
Sodding Sq. Ft. or Sq.Yd.
Masonry (kind) ?; JV. .

;'. 1'. . i'.'.':

.'

Cu. Yd.
Concrete (kind) Cu. Yd.
Rip-rap (kind) Cu. Yd.
Pipe, cast iron Net Ton (2,000 lb.)

Pipe, other (kind and size) Lin. Ft.

Piling (kind) (net in place) Lin. Ft.

Sheet piling:

Timber M. Ft. B. M.
Steel Lb.

Paving (kind) (for appropriate units see Account No. 15).
Cribbing (kind) M. Ft. B. M.
Logs Lin. Ft.

Brush mattress (kind) Sq. Yd.
Hardware Lb.

(For additional units see Account No. 6).

Account No. 4.—Underground Power Tubes.

Excavation (kind) Cu. Yd.
Masonry (kind) Cu. Yd.
Concrete (kind) Cu. Yd.
Iron or steel Lb.
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Drain pipes, cast iron Net Ton (2,000 lb.)

Drain pipes, other (kind and size) Lin. Ft.

Sheaves (kind and size) Each
Yokes (kind and weight) Each
Manhole castings .Lb.

Slot rails (kind and weight per yard) Lin. Ft.

Underground conduit, in place (kind and size) Duct. Ft.

Account No. 5.—Tunnels and Subways.

Excavation

:

Earth or common Cu. Yd.
Loose rock Cu. Yd.
Solid rock Cu. Yd.
Other material (kind) Cu. Yd.
Unclassified Cu. Yd.

Overbreak Cu. Yd.
(Classify materials as shown under exca\-ation.)

Shafts:
.

.

(Classify materials as shown under excavation.)

Overhaul, team Beyond Ft Cu. Yd. per 100 Ft.

Overhaul, train Beyond Ft Cu. Yd. per 1,000 Ft.

Lining, shafts and portals

:

Timber (kind) M. Ft. B. M.
Masonry (kind) Cu. Yd.
Concrete (kind) * Cu. Yd.
Steel and iron Lb.

Water proofing (kind, number of plvs, etc.) Sq. Yd.
Pipe, cast iron Net Ton (2,000 lb.)

Pipe, other (kind and size) Lin. Ft.

Packing or backfilling:

Common Cu. Yd.
Rock Cu. Yd.
Timber (kind) M. Ft. B. M.
Cord wood Cord

Manhole castings Lb.

Ventilating apparatus, complete installation (description) Each
Lighting system, complete installation (description) Each

Account No. 6.

—

Bridges, Trestles and Culverts,

Steel bridges

:

Substructure:
]

Excavation (wet or dry), classified if necessary Cu. Yd.
Foundation, timber (kind) M. Ft. B.M.
Foundation, metal (kind) Lb.

Piles (kind) (net in place) Lin. Ft.

Masonry (kind) Cu. Yd.
Concrete (kind) Cu. Yd.

Caissons

—

Pneumatic or other important caissons, report each separately

in the units given above.

Superstructure

—

Metal (kind) Lb.

Guard, timber M. Ft. B. M.
Drawbridge machinery Lb.

Power apparatus, complete Each
Pile and frame trestles

:

Excavations (wet or drj-). classified if necessary .Cu. Yd.
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Piling (kind (net in place) Lin. Ft.

Stringers (kind) M. Ft. B. M.
Other lumber (kind) M. Ft. B. M.
Metal (kind) Lb.

Hardware Lb.

Masonry (kind) Cu. Yd.
Concrete (kind) Cu. Yd.

Water barrels (kind) Each
Masonry and concrete bridges and culverts

:

Excavation (wet or dry), classified if necessary Cu. Yd.
Masonry (kind) Cu. Yd.
Concrete (kind) Sq. Yd. or Cu. Yd.
Paving (kind) Cu. Yd.
Foundation

—

Timber (kind) M. Ft. B.M.
Metal Lb.

Piling (kind) (not in place) Lin. Ft.

Culverts, pipe or timber:
Excavation (wet or drv), classified if necessary Cu. Yd.

Pipe, cast iron ....". Net Ton (2,000 lb.

)

Pipe, other (kind and size) Lin. Ft.

Timber (kind) M. Ft. B. M.
Logs Lin. Ft.

Hardware Lb.

Water proofing (kind, number of plys, etc.) Sq. Yd.
Rip-rap (kind) Cu. Yd.
Bridge signs (kind) Each
(For other appropriate units sec Accounts Nos. 3 and 15.)

Account No. 7.—Elevated Structures.

(For appropriate units see Account No. 6.)

Account No. 8.—Ties,

Main tracks

:

Cross ties (kind and size) Each
Cross ties, metal (weight each) Each
Bridge ties (kind) M. Ft. B. M.
Switch ties (kind) M. Ft. B.M.
Switch ties (metal) Lb.

Yard and other tracks

:

Report separately in same units as for main tracks.

Account No. 9.—Rails.

Main tracks

:

New rail

—

Bessemer, weight per yard Gr. Ton
Open hearth, weight per yard Gr. Ton
Other kinds, separately, weight per yard Gr. Ton

Re-rorted rail, actual weight per yard Gr, Ton
Relay rail

—

Bessemer, original weight per yard Gr. Ton
Open hearth, original weight per yard Gr. Ton
Other kinds, separatel}', original weight per yard Gr. Ton

Yard and other tracks

:

Report separately in same units as for main tracks.
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Account No, 10.—Other Track Material.

Main tracks

:

Angle and splice bars (common) Cwt.
Joints, patent, insulated or special Joint

Joints, compromise Cwt.
Bolts Cwt.
Nut locks (kind and size) M.
Spikes (kind) Cwt.
Tie plates (kind) Cwt.
Base plates (under joint) Lb.

Rail braces (kind of material, weight per unit) Each
Frogs, rigid (kind, length, weight of rail) Each
Frogs, spring (kind, length, weight of rail) Each
Frogs, crossing (kind, number of rails, weight of rail, angle,

length, with or without base plates, total weight) Each
Switches, complete (kind, weight of rail, reinforcement, etc.). ...Each
Switches, slip, complete Each

Including guard rails, center and end frogs and accompanying
stock rails, unless otherwise noted. (State number, single

or double ; weight of rail ; whether frogs are manganese
or common ; rigid center or movable point. Thus—No. 10,

double slip switch, 90 lb., rigid, manganese insert frogs.)

Switch stands (kind), high, medium, low, ground, etc Each
Switch lamps (kind) Each
Switch padlocks Each
Guard rails, common Lb.

Including filler blocks and bolts.

Guard rail clamps (kind and size) .* Each
Guard rails, special (kind, size and length) Each

Including attachments. . ,.

Other guard rail (bridge, curve, etc.) Gr. Ton
Derails, complete (kind and size) Each
Bumping posts (kind) Each
Rail rests (kind) Each
Anti-creepers (kind and size) Each
Gauge rods or bridles not in switches Each

Yard and other tracks:

Report separately in same units as for main tracks.

Account No. 11.—Ballast.

Main tracks:
Ballast (kind) Cu. Yd.

Yard and other tracks

:

Report separately in same units as for main tracks.

Account No. 12.—Track Laying and Surfacing.

Main tracks

:

Track laying, including running surface Mile
Track laying, including* full earth surface n Mile
Track laying, on open deck bridges Mile
Placing ballast (kind) : Cu. Yd.
Placing turnouts, crossing frogs, tie plates, rail braces, anti-creep-

ers, etc * Each
Framing and placing bridge ties M. Ft. B. M.
Maintenance during construction Mile
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Yard and other tracks

:

Report separately in same units as for main tracks.

Note.—Track laying for various weights of rail should be segregated
into the following groups

:

60-lb. rail and under,
61-lb. to 90-lb. rail,

91-lb. rail and above.

Account No. 13.—Right-of-Way Fences.

Fence (if standard) Mile
(For standard fence give kind, size and spacing of posts and

description of panel.)

Posts (kind and size) Each
Lumber (kind) M. Ft. B. M.
Wire (kind) Lb.

Cattle guards (kind, number of sections) Each
Gates (kind and size) Each
Aprons or "A" frames Each
Hardware • • -Lb.

Special fences, ornamental iron, hedges, etc. (kind) Lin. Ft.

Masonry fences (kind) Cu. Yd.
Concrete fences (kind) Cu. Yd.

Account No. 14.—Snow and Sand Fences and Snow Sheds.

Snow fence (if standard) Mile
(For standard fence give kind, size and spacing of posts and de-

scription of panel.)

Posts (kind and size) Each
Lumber (kind) M. Ft. B. M.
Ties (kind) Each
Hardware Lb.
Metal Lb.
Masonry (kind) Cu. Yd.
Concrete (kind ) Cu. Yd.
Exacavation (kind) Cu. Yd.
Embankment or filling Cu. Yd.
(For additional units see Account Xo. 3.)

Account No. 15.—Crossings and Signs.

Crossing plank (kind) M. Ft. B. M.
Paving (kind) Sq. Yd.
Sidewalks (kind ) Sq. Ft.

Curbing (kind and size) Lin. Ft.

Gutter (kind and size) Liri. Ft.

Crossing bells (kind), complete outfit ._.. , . .^ Each
Warning signals (kind), complete outfit .'. Each
Crossing gate outfit, complete, excluding building Each
Signs (kind) Each
Annunciator, complete outfit Each
Drainage system. (For appropriate units see Account No. 6.)

For additional units see Accounts Nos. 3, 6, etc.

Account No. 16.—Station and Office Buildings.

Important buildings shall be reported separately with description and
location ; smokestacks to be included with building.

Building complete (description and size, volume or area) Each
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Including foundation, heating lighting, and plumbing, except fur-

niture.

Important buildings should show separately (on the Completion
Report), foundation, superstructure, heating, lighting and
plumbing.

Furniture (each building) Lot

Important or unusual pieces of furniture Each
Platform:

Masonry (kind) Cu. Yd.

Concrete (kind) Cu. Yd.

Timber (kind) M. Ft. B. M.
Filling (kind) Cu. Yd.

Metal .Lb.

Curbing (kind and size) Lin. Ft.

Paving (kind) Sq. Ft.

Platform (if standard) Sq. Ft.

(Complete description.)

Stock pens:
Fence (if standard).

(For appropriate units see Account No. 13.)

Lumber (kind) M. Ft. B. M.
Posts (kind and size) Each
Hardware Lb.

Paving (kind) Sq. Yd.

Scales (kind and capacity) .,
Each

Drainage systems. (For appropriate units see Account No. 6.)

Water supply systems. (For appropriate units see Account No. 18.)

Coal bins (detached) Each
Coal and ore transferring machinery (not on coal and ore wharves) .Plant

Freight derricks (kind and capacity) Each
Freight handling machinery (kind) Plant

Mail cranes (kind) Each
Scales, track:

Excavation. (For appropriate units see Account No. 3.)

Drainage. (For appropriate units see Account No. 6.)

Concrete (kind). (For appropriate units see Account No. 6.)

Masonry (kind). (For appropriate units see Account No. 6.)

Timber (kind). (For appropriate units see Account No. 6.)

Scale, maker and capacity, including mechanism, structural steel

and castings Each
Scales, other (description and capacity) Each
Trucks (kind) Each
Landscape gardening Sq. Yd.
Sidewalks, paving, curbing, gutters, etc. (For appropriate units see

Account No. 15.)

Account No. 17.—Roadway Buildings.

Buildings and appurtennaces. (For appropriate units see Account
No. 16.)

Machinery. (For appropriate units see Account No. 44.)

Account No. 18.—Water Stations.

Building, excluding machinery. (For appropriate units see Account
No. 16.)

Water tanks

:

Foundations. (For appropriate units see Account No. 6.)

Tanks (kind, size and capacity) Each
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Supports, steel Lb.

Supports, timber (kind) M. Ft. B. M.
Supports, masonry (kind) Cu. Yd.

Supports, concrete (kind) Cu. Yd.

Steel tank and tower combined • • Each
State dimensions, capacity and height from lop of foundation

to bottom of tank.

Frost protection (kind and size) Lin. Ft.

Tank spout and fixtures (kind and size) Each

Water crane (kind and size), including pit, lining, etc Each

Pipe lines, including fittings:
^ .. . ,t „,

Pipe, cast iron (2,000 lb.) Net Ton
Pipe, other (kind and size) Lin. Ft.

Reservoirs and settling basins. (For appropriate units see Account

No. 3.)

Track tanks

:

t • t-

Troughs :
Lm- ^^

Piping, subways, masonry, protection, etc. (See appropriate units

above and in Accounts Nos. 3 and 5.)

Cisterns and dug wells

:

r v i

Excavation Cu. Yd.

Lining—
Masonry and brick work '-u. Y a.

Concrete (kind) Cu. Yd.

Timber (kind) M. Ft. B. M.

Pipe (kind and size) Lin. Ft.

Wells, driven, bored or drilled (size) Lin. Ft.

Including casing.

Pumping machinery:
Boilers (kind, maker and horse power) Each

Including foundation and setting.

Pumps (kind, maker, size and capacity) Each

Including pump jack.

Engines (kind, maker, size and horse power) Each

Motors (make, type, R.P.M. and capacity) Each

Including switchboard, rheostat and connections.

Note.—Include foundation with unit unless included with part

, of building.

Windmills (kind, diameter of wheel and height of tower) Each

Water treating plant (kind and capacity) :

, i:- l
Units shown above where applicable, otherwise plant C(;mplete. .hach

Account No. 19.^Fuel Stations.

Fuel stations, plant complete (description, kind, capacity, etc.) Each

Excluding approach or tail trestle and embankment.

Other buildings •
• Each

Grading, trestles, drainage, sidewalks, paving, etc. (l^or appro-

priate units see Accounts Nos. 3, 6, 15, 16, etc.)

Account No. 20.—Shops and Enginehouses.

Important buildings shall be reported separately with description and

location.

Building, complete (description and size, volume or area) Kacli

Including foundation, heating, lighting and plumlnng, except

furniture.

Important buildings should show separately (on the Completion

Report) foundation, superstructure, heating, lightmg and

plumbing.
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Turntables and transfer tables:

Excavation. (For appropriate units see Account .No. 3.)

Drainage. (For appropriate units see Account No. 6.)

Masonry (kind). (For appropriate units see Account No. 6.)

Concrete (kind). (For appropriate units see Account No. 6.)

Timber (kind). (For appropriate units see Account No. 6.)

Pit rail (kind) Lb.

Track fastenings. (For appropriate units see Account No. 10.)

Table, metal (length) Lb.

Table, wood (length) Each
Table, tractor (kind) Each

Cinder pits

:

Excavation. (For appropriate units see Accounts Nos. 3 and 6.)

Masonry (kind). (For appropriate units see Accounts Nos.
3 and 6.)

Concrete (kind). (For appropriate units see Accounts Nos.
3 and 6.)

Drainage. (For appropriate units see Accounts Nos. 3 and 6.)

Etc. (For appropriate units see Accounts No. 3 and 6.)

Ash handling plants, exclusive of pit (description and capacity) Each
Electric-power distribution systems within building (kind) Lin. Ft.

Stacks (detached) (kind and dimensions) .Each
Central heating plants:

Boilers (kind, maker and horse power) Each
Including foundation and setting.

Material and supply truck tracks and wheel tracks. (For appropriate

units see Accounts Nos. 8, 9 and 10.)

Motor crane tracks. (For appropriate units see Accounts Nos. 8, 9
and 10.)

Pipe lines (kind and size) Lin. Ft.

In place, including fittings.

Platform, shop and yard. (For appropriate units see Account No. 16.)

Tanks, oil and gas (material and capacity) Each
Sandhouse apparatus, complete (description and capacity) Each
Grading, drainage, sidewalks, paving, etc. (For appropriate units see

Accounts Nos. 3, 6, etc.)

Account No. 21.—Grain Elevators.

Grain elevators, complete (description, kind and capacity) Each
Including conveyors, machinery and fixtures.

Account No. 22.—Storage Warehouses.

Storage warehouses

:

(For appropriate units see Account No. 16.)

Account No. 23.—Wharves and Docks.

Grading. (For appropriate units see Account No. 3.)

Dredging (kind) (scow measurement unless otherwise noted) Cu. Yd.
Bridges, ferry and transfer (kind, length and width) Each

Including machinery.
Pontoons (kind and dimensions) Each
Dock and wharf construction:

Bulkheads, ferry racks, fenders, pile clusters, caissons, wharves,
piers, crib work, etc. (For appropriate units see Account
No. 6.)
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Jetties and breakwaters

:

Masonry (kind ) Cu. Yd.
Concrete (kind) Cu. Yd.

Rip-rap (kind) Cu. Yd.

Earth or other filling or embankment (kind) Cu. Yd.

Timber (kind) M. Ft. B. M.
Piles (kind) (net in place) Lin. Ft.

Hardware •_ • • -Lb.

Grading, drainage, sidewalks, paving, etc. (For appropriate units

see Accounts Nos. 3, 6, etc.)

Account No. 24.—Coal and Ore Wharves.

Grading. (For appropriate units see Account No. 3.)

Dredging (kind) (scow measurement unless otherwise noted) ... .Cu. Yd.
Dock and wharf construction

:

Bulkheads, ferry racks, fenders, pile clusters, caissons, wharves,
piers, crib work, etc. (For appropriate units see Account
No. 6.)

Jetties and breakwaters

:

Masonry (kind ) Cu. Yd.
Concrete (kind) Cu. Yd.
Rip-rap (kind) Cu. Yd.
Earth or other filling or embankment (kind) Cu. Yd.
Timber (kind) M. Ft. B. M.
Piles (kind) (net in place) Lin. Ft.

Hardware Lb.
Buildings. (For appropriate units see Account No. 16.)

Machinery, small installations Plant
Machinery, large installations, subdivide if practicable into separate

groups Group or Plant
Grading, drainage, sidewalks, paving, etc. (For appropriate units

see Accounts Nos. 3, 6, etc.)

Account No. 25.—Gas Producing Plants.

Gas producing plant, complete (description and capacity) Each
Including all apparatus.

Grading, buildings, pipe hues, etc. (For appropriate units see Ac-
counts Nos. 3, 6, 16, etc.)

Account No. 26.—Telegraph and Telephone Lines.

Telegraph and telephone material should be reported separately.

Telegraph office apparatus (description) Set
Including wiring and inside cable.

Telephone office apparatus (description) Set

Including wiring and inside cable.

Excluding private branch exchange.
Private branch telephone exchange (plan and spec, ref.) Each

Including switchboard wiring and inside cable.

Excluding branch lines and instruments.

Buildings. (For appropriate units see Account No. 16.)

Telephone booths (kind and size) Each
Portable telephone sets (kind) .' Each
Roadway telephone box (description) Each
Poles, in place (kind, length and class) Each
Guys (kind, complete) Each
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Anchorage (kind and size, complete) Each
Cross arms, in place (kind and size) Each

Including braces and fastenings.

Cross arm pins (kind) 100
Brackets (kind) Each
Insulators (kind) 100

Guard wires (kind) Set
Cable suspension (kind and size) Lin Ft.

Including fastenings and cable hangers.

Other hardware ' Lb.

Cable boxes Each
Including wiring and appurtenances.

Aerial cable (kind) Lin Ft.

State number of pairs, number of single conductors and size.

Underground cable (kind) Lin. Ft.

State number of pairs, number of single conductors and size.

Submarine cable (kind) Lin. Ft.

State number of pairs, number of single conductors and size.

Aerial wire (kind and size) Mile
Underground conduit, in place (kind and size) Duct. Ft.

Pavement (kind) Sq. Ft.

Manholes, complete with equipment Each

Account No. 27.— Signals and. Interlockers.

Interlocking plant (kind, size, plan and spec, ref.) Each
Tower buildings (kind and size). (For appropriate units see

Account No. 16.)

Other buildings (kind and size) Each
Power plant, complete Each

Excluding building, line wire, poles, etc.

Signal bridges. (For appropriate units see Account No. 6.)

Outlying switch protection (kind, plan and spec, ref.) Each
Exclusive of that covered by automatic signals.

Station and train order signals, complete (kind, plan and spec, ref.) . .Each
Including all connections, etc.

Automatic signals, complete (kind and spec, ref.) Each
Exclusive of line wire, poles, etc.

Staff blocks, complete (kind, plan and spec, ref.) .Each
Including all accessories, exclusive of line wire, poles, etc.

Gates at crossings of other railways (kind and size) Each
Pole line material. Including line wire, poles, crossarms, etc. (For

appropriate units see Account No. 26.)

Account No. 28.—Power Dams, Canals and Pipe Lines.

Gates, complete Each
Excluding operating machinery.

Machinery for operating gates, etc., complete. (For appropriate units

see Accounts Nos. 3, 6 and 18.)

Account No. 29.—Power Plant Buildings.

For appropriate units see Account No. 20

Account No. 30.—Power Substation Buildings.

For appropriate units see Account No. 20. j
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Account No. 31.—Power Transmission Systems.

Wire, in place (kind and size) Mile

Including tie wires.

Cable (kind, maker, sheath and size) Lin. Ft.

State number of pairs, number of single conductors and size,

voltage, insulation test.

Switchboards (kind, size, plan and spec, ref.) Each
Transformers (kind, size and spec, ref.) Each

Including wiring, connections, etc.

Oil switches (kind, plan and spec, ref.) Each
Other switches (kind and size) Each
Lightning protection (kind, size and spec, ref.) Each

Including wiring, connections, etc.

Conduits. (For appropriate units see Account No. 26.)

Account No. 32.—Power Distribution Systems.

Wire, cable, switch boards, conduits, transformers, oil switches and
lightning protection.

(For appropriate units see Account No. 31.)

Trolley wire, in place (kind and size) Lin. Ft.

Third rail, complete, in place (kind and size) Lin. Ft.

Including supports, braces, protection, bonding, etc.

Rail bonding (kind and size) Joint

Pipe lines, in place (kind and size) Lin. Ft.

Including fittings, appurtenances and insulation.

Tunnels and subways. (For appropriate units see Account No. 5.)

Account No. 33.—Power Line Poles and Fixtures.

Poles, crossarms and crossarm pins, brackets, guys, insulators, other
hardware. (For appropriate units see Account No. 26.)

Pole top extension (kind and specification reference) Each
Transmission on towers and bridges. (For appropriate units see

Account No. 6.)

L ".
.:

Account No. 34.—Underground Conduits.

Conduits, manholes and fittings. (For appropriate units see Account
No. 26.)

Sewer connections, in place (kind and size) Lin. Ft.

Account No. 35.—Miscellaneous Structures.

For appropriate units see other accounts.

Account No. 36.—Paving.

Paving (kind) Sq. Yd.
Curbing (kind and size) Lin. Ft.

Account No. 37.—Roadway Machines.

Roadway machines, complete (kind, maker, size or cap.) Each
Including accessories.
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Account No. 38.—Roadway Small Tools.

Roadway small tools (kind and description) ; i>.*i j.! Set
Important or unusual tools .".".'iv;'; . .Each

Account No. 39.—Assessments for Public Improvements.

No units are required for this account. Costs shall be shown in

appropriate column. Description should identify and gen-
erally indicate the nature of the project.

Account No. 40.—Revenues and Operating Expenses During

Construction.

No units are required for this account. Amounts in money should be
shown in appropriate columns. Revenues and operating
expenses should be shown separately, and sub-divided by
periods when necessary with appropriate descriptions.

Account No. 41.—Cost of Road Purchased.

This is a temporary or suspense account. No units are required.

Account No. 42.—Reconstruction of Road Purchased.

No units are required in this account.

Account No. 43.—Other Expenditures—Road.

No units are required in this account.

Account No. 44.—Shop Machinery.

Machines, complete with drive (kind, maker, description and size or
capacity Each

Excluding foundation.
Foundation

:

Excavation Cu. Yd.
Masonry (kind) Cu. Yd.
Concrete (kind) Cu. Yd.
Timber (kind) M. Ft. B. M.
Piles (kind) Lin. Ft.

Metal Lb.

Shafting and fittings, complete shop installation, each, shop Lot
Including hangers, pulleys, couplings and special supports.

Belting, complete shop installation, each shop Lot
Portable tools

:

Important tools (kind and size) Each
Minor tools (each shop) Lot

Engines, boilers, generators and the like. (For appropriate units see

Account No. 45.)

Piping, wiring etc. (For appropriate units see Accounts Nos.

20 and 32.)

Account No. 45.—Power Plant Machinery.

Boilers, complete with apparatus (kind, maker and horse power) .. .Each
Including setting, breeching or flue, mechanical stokers, induced

or forced draft installations, steam heaters, feed water pumps,

feed water heaters, etc.
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Engines, complete (maker, cylinder size, horse power, R.P.M.) Each
Air compressors, kind, complete (maker, cylinder size, R.P.M.

capacity) Each
Engine generator sets, kind, complete (maker, description, R.P.M.

capacity) Each
Turbo generator sets, kind (maker, description, R.P.M. capacity) .. .Each
Coal or ash handling apparatus, plant complete (description) Each
Condensers (maker, kind, size and capacity) Each

Including pumps and special fittings.

Pipe lines. (For appropriate units see Account No. 32.)

Belting and shafting. (For appropriate units see Account No. 44.)
Batteries, complete (maker, kind and capacity in ampere hours) Cell

Including appurtenances.
Motor generator sets (maker, kind and capacity) Each
Frequency changer sets (kind, maker, capacity) Each
Motors and generators (kind, maker, capacity) Each
Rotary converters, complete (kind, maker, capacity) Each
Transformers, power and instrument (kind, maker, capacity) Each
Switch boards, oil switches and other switches, interior cables, light-

ning protection. (For appropriate units see Account No. 31.)
Bus bars, complete (weight of bus bar) Lb.

Including all accessories.

Voltage regulators (kind, maker, size) Each
Water wheels or turbines (kind, maker, size) Each
Machine foundations. (For appropriate units see Account No. 44.)

Account No. 46.—Power Substation Apparatus.

For appropriate units see Account No. 45.

General Account II.—Equipment.

For new equipment purchased, state on the Completion Report,
in the column headed "Description of equipment to which the
change is applicable" and on the Record of Property Changes
in the column headed "Remarks," the important "specialties"

included in the equipment as purchased. A list of the principal

specialties is shown under Accounts Nos. 51, 53 and 54.

Account No. 51.—Steam Locomotives.

Steam Locomotives Each
State service type (passenger, freight or switch), kind, Whyte
symbols, cylinder size, saturated or superheated, total light

weight engine and tender.

List of Specialties

:

1. Axles, Vanadium Steel, finished weight.
Axles, heat treated and hollow bored, finished weight.

2. Cylinders, Hobart Alfrce.
3. Frames, Vanadium Steel, finished weight.
4. Rods, Vanadium Steel, finished weight.
5. Springs, Vanadium or Crucible Steel, finished weight.
6. Stoker (kind).
7. Tender Frame, Commonwealth.
8. Trailing truck. Commonwealth or Hodges.
9. Valve gear, Baker, Southern or Young.
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Account No. 52.—Other Locomotives

Other locomotives • • • Each
State kind, drive number, of units coupled, and total weight

(current and voltage, if electric).

Account No. 53.—Freight Train Cars

Freight train cars • • • Each

State subclass, body and underframe (steel, wood or composite),

capacitjf, length (over end sills), trucks (kind).

List of Specialities

:

1. Cast steel wheels.

2. Steel ends (kind).

3. Roof (kind).

4. Draft gear (kind).

5. Truck Bolsters (kind).

6. Doors (number and kind).

7. Axles (kind).

8. Any departure from usual practice (describe).

9. Insulation (kind).

Account No. 54—Passenger Train Cars

Passenger train cars • Each

State subclass, length (over platform end sills), capacity in

passenger or pounds, vestibules (kind), kind of lighting, body
and underframe (wood, steel or composite), trucks (kind).

List of Specialities

:

1. Wheels (kind).

2. Draft gear (kind).

3. Platforms (Commonwealth).
4. Upholstery (kind).

5. Finish (kind).

6. Commonwealth Cast Steel Frame (kind).

7. Insulation (kind).

8. Seats or chairs (kind).

9. Brakes (kind).

10. Lavatories (kind).

Account No. 55—Motor Equipment of Cars

Motor equipment, complete apparatus (horse power and number of

motors) .Each

Including controllers, switches, breakers, contactor boxes, grid

resistances, compressors, collectors, wiring, etc.

Account No. 56.—Floating Equipment

Floating equipment (kind, builder, description) Each

Account No. 57.—Work Equipment

Work equipment (kind and description) Each
Each item of work equipment, including appurtenances, shall be

appropriately described as in Accounts Nos. 51 to 56, inclusive.

Note.—For 'machines mounted, such as pile drivers, wrecking

cranes, etc., state kind, maker and size or capacity.

Account No. 58—Miscellaneous Equipment

Miscellaneous equipment (kind and description) Each

Accounts Nos. 71, 72, 73, 75, 76 and 77

No units required for these accounts. Costs shall be shown in the

appropriate columns.

Account No. 74.—Stationery and Printing

Stationery and printing.

No units are required for unimportant items.

Important items, such as calculating machines, dictaphones, dicto-

graphs, hectographs, typewriters, etc. (kind and description) .Each
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Appendix C

(7) COMPARISON OF DAILY AND MONTHLY TIME AND
MATERIAL REPORTS

H. C. Crowell, Chairman, Sub-Committee; E. G. Allen, Z. M. Briggs,

P. O. Ellis, J. H. Hande, F. W. Hillman, L. P. Rossiter.

IMPORTANCE AND SCOPE OF SUBJECT
Maintenance of way costs may be divided into two groups: First, those

that are the result of the expenditure of money for labor, material and

miscellaneous items, and, second, those bookkeeping charges that result

from the actual or anticipated removal of property, known as retirements

and depreciation. The former comprises about 95 per cent of the total,

and of that group labor and material constitute at least 90 per cent. It

is, therefore, evident that the accuracy of figures that purpose to show the

cost of maintenance of way is dependent in large measure on the exact-

ness with which the cost of labor and material is recorded and accounted

for. The degree of accuracy of the final figures that are given to the

Interstate Commerce Commission and to the public cannot exceed the

degree of accuracy with which the original entries are made. The im-

portance of devising a good system of forms on which these basic data

may be recorded is therefore apparent.

The Committee assumed that the subject assigned to it could be con-

sidered sufficiently broad to permit of an examination of all reports con-

cerning maintenance of way labor and material with a view to submitting

for adoption as recommended practice revisions of report forms now in

the Manual, or additional forms where they are needed. In addition to

basic forms for use of the foreman in reporting time and material con-

sumed, forms should be provided for assembling this information promptly

and economically, that is, in a manner that will give the greatest benefit

to the maintenance engineer consistent with the cost of assembling it.

These consolidating or condensing forms will be the subject of subse-

quent reports.

From the standpoint of the money involved labor charges are far more

important than material charges. The Committee, therefore, decided to

give its attention first to a comparison of daily and monthly time reports.

Such a course is practicable by reason of the fact that virtually all roads

require separate reports of labor and material. While it does not neces-

sarily follow that a report combining labor and material is inadvisable,

it is thought that present practice in this respect cannot be improved upon.

A combined report would be of such size as to be unwieldy. Waste of

stationery would result, as frequently labor is consumed without the ap-

plication of material. The consolidation of labor and material reports,

cither for periods of time or for units of territory, is usually made by two

separate sets of clerical forces, the segregation extending all the way to

the Paymaster and the Storekeeper. In any event consideration of the
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advisability of combining these reports can be given better after the

requirements of the individual reports have been determined.

The only labor form in the Manual is form 1119 on page 525. This

is a monthly time report in book form and is similar to that v^^hich was
in general use many years ago. In order to develop the modern tendency

on the subject, the Committee obtained from eighteen typical roads in

this country and Canada sample forms now in use on those roads, and

invited statements concerning the adequacy of the forms in use and sug-

gestions for their improvement. The Committee's task was, first, to

determine whether or not a monthly report or some other periodical report

is preferable, and then to revise the monthly report in the Manual or

develop some other form of report.

The facts that more than half of the roads interrogated had changed

from monthly reports to daily reports and that no road had reverted to

the monthly form or was even considering such a change, confirmed the

opinion of the Committee that the arguments in favor of the daily re-

porting of time greatly outweighed the arguments against it. The Com-
mittee, therefore, after recording its reasons for preferring a daily time

report, proceeded with its development.

ARGUMENTS FOR AND AGAINST DAILY TIME REPORTS

The principal argument in favor of the use of daily time reports is

that the foreman's superiors, the Supervisor and Division Engineer, are

provided with up-to-date information both as to total money expended and

as to the nature and the progress of the work that is being done. This

permits a closer check of the monthly appropriation and insures against

over-run of charges. The checking of unit costs may be carried along

daily and inefficient men or methods can be promptly detected and

corrected.

Again, a more accurate distribution of labor charges results from
the use of a daily time report. The foreman must record what he does

on the day he does It. While this is usually required when monthly reports

are made, it is common knowledge that the foreman frequently postpones

this work until the end of the week or month. In any case it is a difficult

matter to police. The Supervisor checks the distribution on the following

day and has a better chance to detect errors or omissions than if he

received a statement covering an entire month's work. This tends to

prevent loss on overlooked charges to individuals and other companies.

Furthermore, when a daily material report is used, the daily time

report makes it possible to detect the failure to report material used or

reclaimed by reference to the kind of work that was being done. If

monthly reports were used much larger errors would be passed unnoticed.

Another advantage of the daily time report, assuming that it is made
in duplicate as recommended, is that it eliminates the loss resulting from

misplaced records. One copy is on file in the Division Engineer's office

and, during the current month, the foreman has the other copy. If either

is misplaced, lost, accidentally destroyed or stolen, it can be replaced by
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reference to the other, but the loss of a monthly time book, even if kept

by the foreman in duplicate, is not easily made up.

A further argument in favor of the daily time report is the reduction

of loss resulting from fraud. The tendency for a foreman to make a

fraudulent report, or for a foreman and a Supervisor to conspire fraudu-

lently, will be reduced as the Supervisor and the Division Engineer have

daily access to the reports. This removal of temptation not only benefits

the employe but also keeps the company from losing a large investment

in its supervisory force. Such fraud as is perpetrated can be more readily

detected, the loss stopped and recovery made.

An argument that has been advanced against the daily time report is

that it requires more stationery and clerical effort. This may be true of

some types of reports, but with a carefully designed report that requires

the recording of only necessary information it is thought that at least

no more time will be required than with a monthly report that furnishes

the same information with equal accuracy. There may be a slight increase

in the cost of stationery, depending on the detail of the two systems under

comparison, but the advantages are such that this extra cost, if it should

develop, is justified.

FUNCTIONS OF A TIME REPORT

Before explaining the form of daily time report that is submitted, it

is well to consider the f.unctions of this report—the objects that must be

accomplished by it. First of all, it must record the time worked by each

employe with such accuracy that a payroll may be prepared by the use of

which the Treasurer can pay to each employe exactly what he has earned.

Originally this was probably the only function of the time report, but with

the adoption of a uniform system of railroad accounts, and in many cases

long before that date, it became necessary for the foreman to explain just

what he had done with the time, so that the cost could be distributed in

accordance with the Government's or the carrier's own system of accounts.

The description of the work done should be in sufficient detail to enable

the accountant to make the following distributions

:

(1) Company work and work done for others.
'

''
" '(2) Work chargeable to capital account and that charge-

'"
:

>"
'

able to operating expenses.
• ;;., (3) General accounts of the Interstate Commerce Com-

mission classifications.

(4) Primary accounts of the Interstate Commerce Com-
mission classifications.

(5) Sub-primary accounts of the individual carrier, kept
for the purpose of checking efficiency and de-

veloping a well balanced budget.

CHARACTERTISTICS OF AN IDEAL TIME REPORT

The Committee has endeavored to keep in mind the following charac-

teristics of an ideal time report:

(1) The report must be accurate; only such information
should be required as can be furnished with accuracy. The
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requesting of needless information results not only in a waste
of time but also in discouraging accuracy in important items.

(2) The reports must be uniform. Lack of uniformity in-

creases the cost of summarizing reports for a district or for .a

period of time. The summary can be no better than the poorest
report included in it; additional information on the better reports
becomes of little value. The necessity for furnishing clear and
adequate instructions concerning what is wanted is, therefore,

evident.

(3) The report form must be so arranged as to make pos-
sible its prompt return. State laws limit the time that may be
consumed in paying employes. The value of cost data in enforc-
ing efficient maintenance depends largely on the promptness with
which it can be made available. Promptness, however, like

accuracy and uniformity, must be balanced against cost of
preparation.

(4) The cost of the forms, as well as the cost of entering
the information thereon and the cost of summarizing, must be
considered and held down to a minimum, consistent with accuracy,
uniformity and promptness. Indirect costs must not be over-
looked. If foremen and Supervisors are required to do the work
of clerks the report may cost indirectly, in loss of efficiency, far
more than the direct cost of the time consumed by these super-
visory employes. A reduction in the number of forms, by pro-
viding a single daily form for all departments, in addition to the
saving in preparation and handling, reduces the stock that must
be carried and the loss when revision becomes necessary.

DESCRIPTION OF PROPOSED DAILY TIME REPORT

The form of daily time report submitted is described as follows: a

book, five and one-half inches by eight and one-half inches, bound at the

top, with seventy leaves (two for each day of the month and eight extra

leaves) in addition to name page, sample page and instruction sheets;

cover of red pressed board weighing 125 pounds per ream ; leaves to be

alternately white and yellow, the white leaves (bond paper weighing 16

pounds per ream) being one-eighth inch longer than the yellow leaves

and perforated so that they may be easily removed for forwarding to

the Supervisor, the yellow leaves (railroad manila weighing 14 pounds

per ream) remaining in the book as the foreman's current record; instruc-

tions for reporting time to be printed on the first page and instructions

for distributing time on the second page; third page to be a typical report

with all blanks filled in as a guide to the foreman; last page (in duplicate)

to be a record of employes' names, numbers and rates of pay; inter-

mediate pages to be used for reporting daily time made and distribution.

For a clear understanding of the form of report recommended refer-

ence is made to the following exhibits:

Exhibit 1—Time book cover.

Exhibit 2—Sample page—face.

Exhibit 3—Sample page—reverse.

Exhibit 4—Sample name page.
Exhibit 5—Instructions for reporting time.

Exhibit 6—Instructions for distributing time.
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IMPORTANT GENERAL FEATURES OF DAILY TIME REPORT
In the development of anj' system of railroad reports there are certain

general features that may be made applicable to any road, and there are

also innumerable details concerning which it may be impossible for even

a small number of roads to agree. A road may adopt a time report

similar to that now recommended in all its general features but on account

of local characteristics may find it desirable to change many of the

details in the form and the instructions. It is therefore thought advisable

to record, first, the general features that have been incorporated into the

form and the instructions submitted herewith, and then state some of

the many details that have been adopted for the typical road for which

the report is designed, with full realization of the fact that no road would
adopt them as a whole without making sure that they are best suited to

the conditions under which the particular carrier operates.

The features, concerning which the Committee hopes there will be

universal agreement, are as follows

:

(1) The foreman is relieved of as much clerical work as pos-
sible. He is required merely to state facts and with the
exception of totaling the actual hours of labor daily he
makes no computations. He does not have to compute
hours payable or compensation, and at the end of the pay
period or month he has no summary of hours, compensa-
tion or items of work to prepare. A total of not more
than ten minutes, scattered through the day, will suffice for
all entries on the time slip and the monthly name sheet
can be made in five minutes. This gives him a maximum
of time for overseeing the work of his men.

(2) The Supervisor and his assistants are relieved of most of the
clerical vvoi'k they are usually required to do. No com-
putations need be made in this office. The foremen's time
reports are examined by the Supervisor or by one of his

field assistants familiar with the work, description of work
amplified when necessary, A.F.E. numbers shown for new
work, and distribution between passenger, freight and com-
mon added. The summary of hours and compensation is

made by the Division Engineer (or Division Accountant)
who should notify the Supervisor of any tendency to over-
run the monthly appropriation. This method should re-

duce to a minimum the clerical force in the Supervisor's
office and give the Supcr\isnr a maximum of time in the
field.

(3) All summarizing is done in the office of the Division Engi-
neer (or Division Accountant) on forms which this Com-
mittee will prepare. The economy of concentrating
clerical work is generally acknowledged. The responsibil-
ity for uniform and correct application of rules governing
wages, working conditions and accounting distribution is

placed in this office.

(4) The use of a duplicating time-book with alternate sheets
perforated combines the advantages of a daily report with
the feature that has always appealed to users of monthly
timebooks, i. e., the inclusion within a single volume of all

information regarding time and distribution for an entire
month.
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(5) The inclusion of complete instructions and of a sample form
properly filled in insures the submission of reasonably
accurate and uniform reports. Few of the daily time re-

ports now in use have more than two or three lines of
instructions, probably because the small size of the report

does not permit of complete instructions. Many monthly
reports have full directions for their preparation, and this

idea has'been adopted in the daily form now recommended.

LESS IMPORTANT DETAILS OF DAILY TIME REPORT
Some of the details of this system of time reporting that may readily

be changed to meet the needs of individual roads or the personal desires

of those who are responsible for collecting this information are as

follows

:

(1) Size of book—pocket size or larger. Pocket size is pre-

ferred, as it is more easily carried and notations in the

field can more readily be made.
(2) Number of leaves and dating of leaves. The Committee

prefers leaves with the day of month printed, as this will

lend to prevent the careless omission of a day's report.

On a small road using comparatively few books the extra

cost of printing and binding would be an argument for

undated leaves. The number of leaves required will de-

pend upon the size of gang. If more than fourteen men
are in service a book with two leaves per day should be
used, or two separate books if the number of large gangs
does not justify the binding and carrying in stock of two
sizes of books.

(3) Kinds of time to be reported. Practice varies from one kind
to seven kinds, including straight time, pro-rata overtime,

punitive overtime, special calls, travel time, time paid but
not worked, and Sunday and holiday time. It is thought
that the first three kinds of time can be indicated on one
line by showing time work is begun and ended, with time

out for the lunch period ; a second line is needed for spe-

cial calls and a third line will take care of travel time and
time paid but not worked. Sunday and holiday time is

indicated by the date of report ; assigned Sunday and
holiday time to be specifically noted.

(4) Substitute numbers for employes' names. The Committee is

unanimously in favor of substituting numbers for names
in reporting time daily. It is known that the use of a
daily time report has occasionally been unpopular because
of the requirement that employes' names be written daily.

Any road that prefers to substitute names for numbers can
easily change that detail of the recommended form.

(5) Use both sides of report. In the interest of economy and
in order to provide ample space for a complete report

without making the form larger than pocket size, the

Committee recommends the use of both sides of the

report.

(6) Number of carbon copies. Only one perforated copy of the
daily report is provided. This passes through the Super-
visor's office and is filed in the Division Engineer's office.

If it is necessary for the Supervisor to retain a copy of

the report, an additional perforated leaf may be included
for each day.
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CURRENT PRACTICE ON TYPICAL ROADS
The following eighteen roads have submitted copies of time and

material reports for use of the Committee

:

Atchison, Topeka & Santa Fe Railway

Baltimore & Ohio Railroad

Baltimore & Ohio Chicago Terminal Railroad

Canadian National Railways

Chesapeake & Ohio Railway

Chicago & Northwestern Railway

Chicago, Milwaukee & St. Paul Railway

Chicago & Western Indiana Railroad

Delaware & Hudson Company
Delaware, Lackawanna & Western Railroad

Illinois Central Railroad

Lehigh Valley Railroad

Missouri Pacific Railroad

New York Central Railroad

Northern Pacific Railway

Pennsylvania Railroad System

Rock Island Lines

Wabash Railway

A resume of the practice in regard to time reports followed by these

roads is as follows:

Daily time reports are used in the track department on ten roads

;

in the B. and B. department on twelve roads.

Of the ten roads that use a daily report in the track department, five

use either a monthly or semi-m.onthly report in addition.

Material is reported on the time report of the track department on

only two roads ; in the B. and B. department on three roads.

The forms indicate that on seven of the ten roads that require a

daily track labor report the names of employes must be written daily;

in the B. and B. department ten of the twelve roads provide space for

names. It is not known whether these roads insist that the spaces be

filled in every day.

Three roads require the distribution of each trackman's time and

eight require the distribution of time made by each employe in the B. and

B. department.

Five roads require that the hours at which work is begun and ended

be reported; in addition four roads require similar information for over-

time work only, and one road requires a separation between forenoon and

afternoon hours.

With one exception every road requires its foremen to compute the

number of hours each employe is on duty. This is necessary in order

that the total hours distributed may check with the hours on duty. In

only three cases, however, is the foreman required to compute the hours

payable, that is, the inflated hours resulting from punitive overtime and

special calls.
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Instructions for distributing time are provided by eight roads ; in

addition one road gives instructions only to the track department, and

another only to the B. and B. department. Some are brief and some are

extremely elaborate. Many provide forms with items of work or I.C.C.

primary accounts printed on separate lines, with a column for each day

of the month. Others give classifications of Maintenance of Way work,

but require the foreman to state in his own language what he has done.

Only four of the eighteen roads under review make any effort to

collect data concerning physical units of work done by the Maintenance

of Way department. The necessity for doing this on new work is gen-

erally recognized and most roads watch carefully unit costs on construc-

tion. That the necessity for efficiency in the Maintenance of Way
department is not so well recognized is indicated by the small number of

roads that record physical units and total costs in such a way as to

provide reasonably accurate cost data.

Of ten roads that use daily reports for both track and B. and B.

five use the same form for the two kinds of work. Of eleven roads that

have monthly or semi-monthly reports in both departments, four use a

single form.

PRINCIPLES USED IN DESIGNING DAILY TIME REPORT
None of the forms submitted by these roads is considered by the

Committee entirely satisfactory. The best features of each have been

combined in the form submitted with this progress report. Before this

form was prepared, the Committee agreed upon the following principles

:

(1) Form should provide for daily reporting of time made and
distribution.

(2) Monthly time reports should not be used to supplement daily

reports.

(3) Material should not be reported on the time report. .

(4) Only one form is required for reporting time in the Mainte-
nance of Way department. The form should be sufficiently

elastic to cover track, bridge, building, signal and all other

gangs, but a special form may be required for reporting time

of work trains and crews.

(5) Time of each employe should be shown on face of report and
distribution of time of gang on reverse.

(6) Employes' names should be written only once a month.

(7) Time each employe reports on and off duty should be

recorded.

(8) Foreman should compute daily the hours each employe is on
dutj^ but should not inflate these hours to take care of

punitive overtime and special calls.

(9) Foreman should state in his own words the work he has per-

formed and the man-hours spent on each item. To insure

uniform classification of work, the instructions should in-

clude a statement of the principal items of Maintenance of

Way work that should be reported separately.

(10) Physical units should be reported for such items of work as

can be readily measured.



Records and Accounts 851

(11) Because of the difficulty of accurately distributing the time
of foreman, assistant foreman and timekeeper, their time
should not be distributed, but tlicir com])cnsation should be
spread over all items of work by the use of an inflated

average hourly rate obtained by dividing total laborers' hours
into total compensation of gang.

Conclusion

It is hoped that some of the roads that are now considering making

a change in their system of time reporting in the Maintenance of Way
department, will adopt the form submitted by the Committee in this

progress report, so that before a final report is submitted the Committee

may have the benefit of the experience of those roads and may make such

revisions as may appear desirable.

Exhibit 1

NORTH & SOUTH RAILROAD

TIME BOOK
71{yithau^ Division , Sub-divisionN?.^

^J\^-tVc^ Gang N© if-

Mon+h of iW^ I9g 4-
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Exhibit 2
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Exhibit 3
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Exhibit 4
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Exhibit 5

INSTRUCTIONS TO FOREMEN FOR REPORTING TIME

Foremen must report daily all time made by themselves and em-
ployes under their jurisdiction. Report must be made in duplicate, the
yellow page being left in the time book for the foreman's record, and the
white page signed, detached and forwarded to the Supervisor or other
superior officer not later than the first train on the day following date
of report.

To the time report for the first day of each month the white copy
of the name report (last page of time book) must be attached. Write
name, occupation, and rate of pay of each employe, assigning a number
to each. Foreman's name must be written on first line, and Assistant
Foreman and Timekeeocr on second and third lines. Start a new series

each month, and number employes consecutively, regardless of number
assigned in previous month.

An employe who quits or is discharged should be indicated on daily

time report of last day on which he worked, by drawing a circle around
his number, and on carbon copy of name report by placing after the
name the last day of month on which time was made.

Names, occupations, rates and numbers assigned to new employes
should be written on back of daily time report for first day on which new
employes work, and also on carbon copy of name report. Do not assign
the number of a discharged employe to a new employe.

On daily time report use one space for each employe carried on the
roll. If temporarily absent write "off duty" in space where time would
otherwise be shown.

The number of hours actually on duty should be entered in the last

column. Allowance for punitive overtime, special calls and travel time
will be made by the Division Accountant.

On the reverse side of the daily time report the number of hours
actually on duty should be distributed to the items of work done. Time
spent going to and from work should be shown separately if it amounts
to more than one man-hour; otherwise it should be included with all

other items of work that individually did not require more than one
man-hour and the total shown as miscellaneous. Work should be classi-

fied in accordance with the instructions on the following page. Do not
include in total hours the hours of foreman, assistant foreman and time-

keeper. Report hours for each item of work to the nearest even hour

;

a fraction of an hour may be reported for the miscellaneous item if

necessary in order to make hours worked and total distribution balance.

In the column headed "Class" indicate by "N" each item of new work,
such as installing a new turnout or extending an existing track or any
repair item that is occasioned by or done in connection with an authorized
construction project. Indicate by "R" the removal or destruction of any
property. Indicate by "I" repairs to private propcrtjr and by "J" anj'

work done on joint tracks or other facilities maintained at joint expense.
All other items will represent maintenance of the Company's property, no
portion of which should be charged to other companies or individuals

;

these items will not be indicated by a letter in the "Class" column.
If on any day no material report is required by the instructions for

reporting material used and reclaimed, indicate that fact by placing a
cross in the square below the distribution of time. If work is done jointly

by two or more gangs, show the number of the gang that has been in-

structed to report all material used.

Explain fully on reverse side of daily time report necessity for over-
time, special calls, travel time, and time paid for but not worked. Note
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regularly assigned Sunday or holiday time. Unusual delays or other

items affecting the progress of the work must also be noted.

The sample form properly filled in should be studied by the foreman
before making his first report. If questions arise as to the method of

reporting, they should be referred to the Supervisor. Several extra pages,

not dated, are provided after the report for the 31st day, as substitutes

for pages that may be spoiled beyond correction by a reasonable amount
of erasure. Do not tear out the incorrect yellow page but put a note on it

referring to corrected page in back of book. Note that carbon copy or

yellow page of time distribution for any date faces the report of time

made on that date.

After payment for the last half of the month has been completed the

carbon copies of time reports should be sent to the Supervisor for file.

INSTRUCTION TO SUPERVISORS FOR HANDLING TIME
REPORTS

The Supervisor of Track (or Bridges and Buildings, Signals, Tele-

graph and Telephone, or Water Service, as the case may be) must
examine the time reports of all foremen under his jurisdiction and approve
them before forwarding to the Division Accountant. All reports must
reach the Division Accountant not later than the second day following

the date of report. The Supervisor must give special attention to all

items of work indicated by a letter and add such explanatory notes as

are necessary to insure accurate distribution of charges by the Division

Accountant. After each N or R item he shall note the A.F.E. number
assigned to the project involved. In each blank space in the "Class"

column he must write P, F, or C, indicating that the item is passenger,

freight or common.
Carbon copies of time reports (yellow pages bound in a single volume

for each gang each month) will be received and filed by the Supervisor

as soon as payment has been completed for the month. These reports

must be neatly and systematically filed, and kept for a period of at least

seven years.

Exhibit 6

INSTRUCTIONS TO FOREMEN FOR DISTRIBUTING TIME

Track Foremen

The following classification of major items of work done by track

gangs, extra gangs and work train gangs should be studied by foremen
before making distribution of time on reverse side of daily time report.

The classification is not complete, but is presented so that foremen may
understand to what extent work should be detailed. Items of work not

included in this list should be explained with sufficient clearness to enable

the Division Accountant to make proper distribution. For example, if

cinders are unloaded for improving highway crossing, do not merely report

"Unloading cinders." If material is piled or loaded, state the kind of

material and for what it is to be used. If carpenters or linemen are

assisted, state the nature of the work. Location of work should always
be shown, either by mile post, station, bridge number, or by reference to

some other fixed structure. If work is done on a main track the name
or number of track should be shown, and if track is used exclusively

by one class of traffic that should also be shown, as "eastbound passenger"
or "westbound freight." The symbols I, J, N and R, described on preced-
ing page, should be used when appropriate. The amount of work done
should be stated whenever possible.
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Items of Work Unit of Measure

Roadway Maintenance.

Patrolling track None
Cleaning ballast Lin. ft. of track

Cleaning weeds from track ' Lin. ft. of track

Cleaning ditches Lin. ft. of ditch

Mowing and burning right of way. None
Dressing ballast shoulder Lin. ft. of shoulder
Sloping cuts None
Restoring embankments None
Removing slides None
Extinguishing fires None
Removing miscellaneous scrap None

Track Laying and Surfacing.

Unloading rail (new, second hand or scrap). Lin. ft.-wt. per yd.

Distributing rail (new or second hand) Lin. ft.-wt. per yd.

Laying rail (new or second hand) Lin. ft.-wt. per yd.

Loading rail (new, second hand or scrap) .. .Lin. ft.-wt. per yd.

Renewing broken or defective rail Lin. ft.-wt. per yd.

Unloading ties (cross, switch or bridge) . . .

~

Piling ties (cross, switch or bridge)
Distributing ties (cross, switch or bridge)

.

Renewing ties (cross, switch or bridge)...
Disposing of old ties (cross, switch or
bridge)

Respacing ties Lin. ft. of track
Unloading ballast (stone, gravel or cinder).. Cu. yds.

Renewing ballast (stone, gravel or cinder )..Cu. yds.

Unloading other track material (state kind). Number
Applying other track material (state kind) . . .Number
Lining track Lin. ft. of track
Gauging track Lin. ft. of track
Surfacing track (on old ballast) Lin. ft. of track

Tightening bolts and spikes None
Repairs to track (general) None
Repairs to track damaged by wreck or de-
railment (state train number) None

Repairs to track account washouts None

Miscellaneous Work.

Care of station grounds (each station sepa-
rately) None

Cleaning snow and ice from station platforms
(each station separately) None

Removing snow from switches and tracks None
Cleaning team track driveways None
Cleaning shop driveways None
Repairing highway crossings None
Repairing right of way fences None
Setting up or taking down snow fences Lin. ft. of fence
Repairing bumping posts None
Repairing roadway machines (name and
number) None

Repairing tools None
Watching bridges None
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Watching tunnels None
Transferring cars (contents and car num-
ber) None

Cleaning cars (car number) None
Handling coal for engines Tons
Handling coal for station buildings Tons
Handling coal for water stations Tons
Clearing wrecks (state train number) None
Disposing of stock killed on right-of-way None
Handling cinders at engine house or cinder

pit None
Unloading waste material—not ballast (kind
and car number) Cu. yds.

Lighting switch and signal lamps None

j^

Assisting engineers None

Other Foremen

Foremen of carpenter, mason, painter, plumber, signal, telephone and
telegraph gangs should itemize their work in sufficient detail to enable

the Division Accountant to make proper distribution. For example,^ if

lumber is unloaded for bridge repairs, do not merely report "Unloading
lumber." If material is piled or loaded, state the kind of material and
for what it is to be used. If other crafts are assisted, state the nature

of the work!^ Location of work should always be shown, either by mile

post, station, bridge number, signal tower or by reference to some other

fixed structure. If work is done on a main track the name or number
of track should be shown, and if track is used exclusively by one class

of traffic that should also be shown, as "eastbound passenger" or "west-

bound freight." The symbols I, J, N and R, described on preceding page,

should be used when appropriate. The amount of work done should be

stated whenever possible.
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Comynittee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

(1) Revision of the Manual (Appendix A).

(2) Effect of speed of trains upon the cost of transportation

(Appendix B).

(3) Methods of increasing the traffic capacity of a railway (Ap-

pendix C).

(4) Methods of analyzing costs for the solution of special problems,

including a study of the costs of starting and stopping trains

(Appendix D).

(5) The economy resulting from the operation of trains against the

current of traffic on multiple track lines (Appendix E).

(6) Methods for the determination of proper allowances for Main-

tenance of Way expenses due to increased use and increased

investment (Appendix F).

(7) The utilization of locomotives to determine:

(a) The percentage of time they should be available to

perform actual transportation.

(b) Methods for obtaining maximum efficiency while so

available (Appendix G).

Action Recommended

1. That the changes in the Manual in Appendix A be approved and

the revised version substituted for the present recommendation in the

Manual.

2. That the conclusions in Appendix B, relating to the effect of

speed of trains upon the cost of operation, be accepted as information.

3. That the report embodied in Appendix C, relative to the effect

of heavier steam power on the traffic capacity of a railway, be received

as information.
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4. That the report embodied in Appendix D, relative to the cost of

stopping and starting heavy freight trains, be received as information.

5. That the report embodied in Appendix E, relative to the operation

of trains against the current of traffic, be accepted as information and

the conclusion for the matter now in the Manual, as indicated in

Appendix A.

6. That the "methods for the determination of proper allowances

for maintenance of way expenses due to increased use and increased

investment," embodied in Appendix F, be approved for publication in

the Manual.

7. That the progress report embodied in Appendix G be received as

information.

Recommendations for Future Work

To Continue the Following Stjbjects

1. Revision of the Manual.

2. Effect of speed of trains upon the cost of transportation.

3. Methods of increasing the traffic capacity of a railway.

4. Methods of analyzing costs for the solution of special problems,

including a study of the costs of starting and stopping trains.

5. The utilization of locomotives to determine

:

(a) The percentage of time they should be available to per-

form actual transportation.

(b) Methods for obtaining maximum efficiency while so avail-

able.

Collaborating with other Divisions and Sections of the American

Railway Association.

To Work on the Following New Subjects

6. Methods of operation by which the intensive use of facilities may
be secured.

Respectfully submitted,

The Committee on Economics of Railway Operation,

G. D. Brooke, Chairman.

Appendix A

(1) REVISION OF MANUAL
G. D. Brooke, Chairman, Sub-Committee ; 'J. M. Farrin, E. T. Howson,

M. F. Mannion, J. E. Teal, C. C. Williams.

Present Form Proposed Form
Operation of trains against the Where the volume and distribu-

current of traffic on multiple tracks tion of traffic on a multiple track

should receive consideration with line are such as to cause delays to

other methods whenever congestion, trains sufficiently serious to warrant
delay or overtime prompt investiga- the consideration of means of ef-

tion of means of facilitating the fecting relief, the operation of

movement of traffic or increasing trains against the current of traffic

the capacity of a line. is, with suitable protection, recom-
mended as safe and as affording a
means of increasing capacity at a
small expenditure comparable with
the cost of additional facilities suf-
ficient to give relief.
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Appendix B

(2) EFFECT OF SPEED OF TRAINS UPON THE COST OF
TRANSPORTATION

C. C. Williams, Chairman, Sub-Committee ; E. G. Allen, J. M. Farrin,

E. E. Kimball, F. H. McGuigan, Jr., Dean W. G. Raymond, L. S.

Rose, Alott Sawyer, R. T. Scholes, C. L. Whiting.

Increase of Speed Accompanied by Decrease of Tonnage Rating.

The increase in speed of trains contemplated in the following dis-

cussion is assumed to be accompanied by a decrease in the tonnage rating

as compared with the maximum rating over the division. The discussion

of such an increase in speed, therefore, is predicated on a corresponding

decrease in the tonnage rating with a resulting increase in the number
of trains required to transport a given tonnage of freight.

While the effect of operating the same train at increased speeds on

transportation costs is a question that might be discussed, it is of academic

rather than of practical importance owing to the exigencies of operation.

Definitions.

(a) Minimum practical speed on the ruling grade is the lowest speed

which will permit a train to operate with proper safety from stalling and

which, together with the average speed over the remainder of the district,

will enable a train under normal operating conditions to pass over the

district in less than 16 hours by a reasonably safe margin.

Note.—Proper safety from stalling will depend upon the density of
traffic, the necessary factor of safety being larger under dense traffic

where stalling would delay following trains. The minimum practical

speed is influenced by the length of the ruling grade as the time on the

latter affects the total time over the district; and conversely the time
required for the remainder of the district influences the time available

for passing the ruling grade, and hence the minimum practical speed on
the same.

(b) Maximum practical rating is the rating for the minimum prac-

tical speed on the ruling grade.

Items of Expense Involved.—In the table below are listed the

items involved in the relationship between speed and cost of transporting

freight.

Item Pet. of Total Apportioned to

Maintenance of Way and Structures 1921 Frt. Traffic
Ties 2.63 1.81

Rails 75 .52

O.T.M 77 .53

Ballast 28 .19

Track laying and surfacing 3.89 2.54

Maintenance of Equipment
Steam locomotives 9.83 6.55

Freight train cars 1.73 1.73

Transportation
Dispatching trains 75 .39

Road enginemen 4.43 2.86

Fuel for road locomotives 9.75 6.67

Water for road locomotives 50 .33

Lubricants for road locomotives 17 .11

Enginehouse expenses 2.16 1.27

Road trainmen 5.29 3.42
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Below are listed the estimated train expenses per train mile on the

North and South Railroad for these items which might be appreciably

affected by speed of operation.

Cost per Pet. of
Item Train Mile Total

Wages $0,425 .30

Fuel 0.400 .29

Water 0.030 .02

Lubricants 0.006 .005

Locomotive supplies 0.006 • .005

Other train supplies 0.070 .05

Enginehouse men 0.083 .06

Enginehouse supplies 0.020 .01

Locomotive repairs 0.360 .26

$L400 LOO

It is obvious that the three items, wages, fuel and locomotive repairs,

constitute the bulk (85 per cent) of the direct expenses which may be

affected by speed of operation and should be given primary consideration.

Maintenance of Way and Structures.—This Committee submitted

in 1921 a report on the effect of speed on maintenance of way and struc-

tures. While that report was not conclusive, it offered a mode of attack

and indicated general relationships. The amount that the above items

would be influenced by increasing speed with the tcftal car-mileage constant

was shown there to depend upon the character of the track.

However, where the increase of speed involves decreased tonnage

rating and consequently a greater number of trains with the corresponding

increase in engine mileage, an additional factor is introduced, since the

engine mileage is a potent factor in maintenance of way expenses.

In the 1924 report of this Committee, approximately one-third of

maintenance of way and structures expenses were found to vary with

the traffic tonnage (Proceedings, Vol. 25, p. 718). The engine ton-

nage will vary directly with the number of trains, and since freight

locomotives may be assumed to have two to three times as much deterio-

rating effect per ton as freight cars, it may be expected that maintenance

of way and structures expenses will be increased with increased speed of

operation. The exact effect of increased speed when accompanied by

decreased rating and a correspondingly greater engine mileage will depend

upon the ratio between engine tonnage and freight car tonnage over the

division under normal operation. Thus if the locomotive constitutes

about 10 per cent, of the total tonnage in a train, an increase in speed

that would increase the number of trains IS per cent, might be expected

to increase the M. of W. and S. expenses allocable to the traffic involved

1.5 X 1/3 X 2 or 1.0 per cent.

Maintenance of Equipment.—The Committee has been unable to

find any definite data relating to the effect of speed of trains on cost of

maintaining equipment. Inasmuch as the increased speed contemplates

an increased locomotive mileage to transport a given tonnage of traffic

and locomotive maintenance varies largely with the mileage run, in-

creased speed will result in an increase in locomotive repairs almost in

proportion to the increase in engine mileage. Moreover, since locomotive

repairs constitute about one-fourth of all the expenses affected by speed

of operation, this item is of considerable importance.

Within the limits of practical operation, the effect of speed of trains

on maintenance of freight cars is probably negligible, since the car mileage

is not changed by such increase in speed.
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CONDUCTING TRANSPORTATION

Dispatching Trains.—A small increase in the number of trains

would require the continuous attendance of operators at small way stations

where, with fewer trains, attendance for only part time is sufficient.

Therefore, increase of speed on drag freights with a consequent increase

in the number of trains required to transport a given tonnage would

increase this item to a small degree.

Fuel for Road Locomotives.—The effect of speed of operation on

fuel consumption is illustrated in the curves of Fig. 1, 2, 3, and 4, taken

from Vol. 14 (1922), Proceedings of International Railway Fuel Asso-

ciation, and in Fig. 5, which shows the results of test observations on

the three different railroads. The data on which the former curves

are based are the locomotive tests made at the University of Illinois and

the Pennsylvania Railway Locomotive Testing Laboratories. The latter

tests were conducted by the Railroad Administration in 1919.

Water consumption may be assumed to vary with the fuel con-

sumption.

Lubricants Expense would be increased due to the fact .that the

engine mileage is increased and also due to the fact that high speed opera-

tion increases the consumption of lubricants. It is probable, therefore, that

the locomotive lubricant consumption would vary with the increase in

speed at least.

Engine House Expenses include those items involved in the care

of the locomotive chargeable to transportation rather than maintenance,

such as wiping, cleaning, tending fires, dumping ashes, washing boilers,

packing driving boxes, checking tool equipment, etc., hence enginehouse

expense would vary with the number of handlings of the locomotive,

which, in turn, would vary inversely with the tonnage rating. Therefore,

enginehouse expenses might be expected to vary about directly with the

speed. If the data of Fig. 11 are typical, the enginehouse expense may be

expected to increase about 1.5 per cent, for each m.p.h. increase in aver-

age speed within the ordinary operating range.

Road Trainmen.—The effect of speed of operation on wages of

train crews is indicated in Fig. 6, which shows the results of test train

observations on three railroads. The A. & B. tests show the effect of

helper engine service on fuel and wages. It is obvious that increasing

speed of operation has a varied effect on crew wages, depending upon

the physical and operating characteristics of the division involved.

In Fig. 7 and 8 are shown the relation between cost of train crews

per thousand gross ton-miles and speed of train exclusive of terminal

time on the East & West Railroad under normal operation. On this

division, speeds of 14 to 15 m.p.h. give minimum crew costs. This division

is 96 miles long. On a shorter division, the speed for minimum crew

cost would have been less with heavier rating, inasmuch as crews are paid

for the minimum of 100 miles.

Train delays, shown in Fig. 10, seem to bear no definite relation to

tonnage rating or speed. The accidental factor of delays renders the

results of a few tests relative to the effect of speed on wages uncertain.

Fuel and train wages constitute 60 to 70 per cent, of all direct train

expense, hence these two factors are of prime importance in estimating

the effect of speed of operation on transportation costs.
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Fixed Charges.—Where neither the capacity of the track nor the

capacity of the available rolling stock is exceeded, the investment in

roadway and in equipment will not be increased with any increase in

speed.

In the second case, where the capacity of available rolling stock is

exceeded by the traffic at hand to be carried, fixed charges may be a factor.

If this condition should be permanent, economy would doubtless require

the procuring of additional rolling stock. Where the condition is tem-

porary or seasonal, the balancing of higher operating expenses resulting

from increased speed of operation to produce greater capacity against the

fixed charges on additional rolling stock would be a necessary considera-

tion. In this latter case, the first question is concerned with the relation

between speed of trains and the transporting capacity of rolling stock.

Because of the large number of trains run, the results of the North

& South Railroad test trains are especially significant. These test trains

were run when the traffic was 15 to 34 per cent, below normal and the

conditions were particularly favorable for fast time by the reduced ton-

nage trains, hence the good showing made by these trains. In the opin-

ion of the operating officers, a much greater reduction in tonnage would

have been necessary under normal traffic conditions to secure the aver-

age speed indicated. The data of these tests are summarized below:

Illustrative Computation of Cost of Train with Reduced Tonnage to

Avoid Overtime Compared with One Handling Full Rating Making
Overtime 12S-Mile District. Mikado Locomotive, 51,200 lb. Tractive

Effort.

°l ^^ -Z^ II
•fi

bcr^ --H rtS £ «J d

H >w- fe o, Wo, ir* <ri H
On non-overtime train (20%

reduction in tonnage and
25% in time on road to

avoid overtime (10 hrs.) 2,000 $34.20 $33.00 $45.00 $ 7.00

Cost to move the 500 tons

left behind, on a subse-
quent non-overtime train

or J4 of above cost.... 500 8.55 8.25 11.25 1.75

One-fourth of the cost to

run caboose bounce op-
posite direction to bal-

ance power by reason
this SOO-ton sacrifice 4.37 1.98 2.38 1.40

Total 2,500 $47.12 $43.23 $58.63 $10.15 $159.13

Per Diem on 29 cars this train 10 hrs.—290 car hrs., or 12.1 car

days 12.10

Per Diem on 7 cars held in yard 2 hrs. for subsequent train, 14

hrs., .6 car days .60

Per Diem on 7 cars in subsequent train on road, 10 hrs., 70 hrs.,

2.9 car days 2.90

Direct and Indirect Costs Chargeable to Non-Overtime Train... $174.73
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Expense of overtime train

first 10 hours 2,500 $34.20 $33.00 $45.00 $7.00
"Expense 3 hr. 20 mins.

overtime 17.08 10.99

Total 2,500 $51.28 $43.99 $45.00 $7.00 $147.27

Per Diem on 36 cars in train on road 13.33 hrs., or 479.8 car hrs.,

20 car days 20.00

Total costs of overtime train $167.27

The heavy or the 3 hr. 20 min. overtime train is therefore $7.46
per train the cheaper.

Cost of Wages and Fuel per 1,000 Gross Ton Miles, Based on April

(1919) Wage Scale and Coal at $2.33 per Ton

0.5% Grade 1.25% 0.5% 0.4% 0.3%
District 130 mi. 99 mi. 128 mi. 106 mi. 145 mi.

1. Per cent, of total system
freight train mileage 7 3 7 3 2

2. Number full tonnage trains. 30 25 9 7 32
3. Number reduced tonnage

trains 11 32 9 28
4. Average ton miles per freight

train mile—full 3,750 2,314 3,308 3,192 3,547
5. Average' ton miles per freight

train mile—reduced 3,271 3,091 2,389 2,948
6. Per cent, reduction 12.7 6.5 25.1 16.9

7. Cost, full tonnage 165 .225 .156 .202 .161

8. Cost, reduced tonnage 150 162 .228 .174

9. Cost, reduced, including
engine and crew direct

light traffic 173 174 .300 .209

10. Cost, full tonnage at VA OT .173 .231 .156 .207 .167

11. Cost, reduced tonnage at Ij^

OT 151_ 162 .229 .180

12. Cost, reduced tonnage at V/2

OT, including returning
engine, etc. (No. 9) 174 174 .301 .215

13. Per cent, increase in cost

1,000 GTM for reduced
tonnage trains over full

tonnage trains when re-

turning of light engines to

balance traffic is consid-
ered, with V/z overtime... .6 11.5 14.5 12.9

Note.—Items 9 and 12 include proper proportion cost handling and
firing up one additional engine at each terminal, but nothing for additional
train and engine supplies.

These test trains were run during a period of light business and most

favorable time of day under supervision of Traveling Engineer and an-

other Transportation representative. Under average normal conditions a

much greater reduction would have been necessary.

On the first three divisions above, the engine was a Mikado with

tractive effort 51,200 lb.; on the last two, a consolidation type with trac-

tive effort of 39,180 lb.

The combined effect of speed on cost of transportation, as influenced

by fuel and crew costs on the N. & O. Railroad, is shown in Table A
below. Mikado locomotive, 220,000 lb. on drivers, 110 mile division. Ruling

grade 0.25 per cent.
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Table A

'^ ^^ ^^ U %-2 ^7 c^O ^ ^-^

§ «g^S=;s1^ gs -Sa £;§ S -^tq
»v 00 <o.~ or~ O V S 00 OQb V Q „

E-^ K^^ '^^h. E-,:s u toQc; t-nU U--! Cj 1^2

EXTRA LIGHT
15 2,959 5.00 7.8 $26.21 $32.35 $58.56 $1,262.90
18 2,989 5.43 8.5 28.56 32.35 60.91 1,275.71
19 3,024 5.51 7.1 23.86 32.35 56.21 1,290.64
17 3,030 4.51 8.2 27.55 32.35 59.90 1,293.20
16 3,055 5.01 7.0 23.52 32.35 55.87 1,303.87

Average 3,011 5.02 7.72 25.94 58.29 .176 1,285.22 22.0

LIGHT
7 4,139 5.95 10.1 33.94 32.35 65.29 1,766.53
5 4,143 5.83 8.6 28.90 32.35 61.25 1.768.23

12 4,181 5.85 9.6 32.26 32.35 75.61 1,784.45

6 4,240 6.53 11.2 37.63 32.35 79.98 1,809.63
Average 4,176 6.00 9.87 33.18 70.53 .154 1,782.21 25.2

MEDIUM
2 4,702 6.80 14.5 48.72 32.35 81.17 2,006.81
4 4,708 6.81 13.1 44.02 32.35 76.37 2,009.37
1 4,716 7.27 12.8 43.01 32.35 75.36 2,012.79

11 4,814 7.47 10.6 35.62 32.35 67.97 2,054.62
Average 4,735 7.01 12.75 42.84 75.22 .145 2,020.90 26.9

HEAVY
10 4,995 6.50 12.5 42.00 32.35 74.35 2,131.87
8 5,171 7.37 12.3 41.33 32.35 73.68 2,206.98
9 5,192 7.20 12.4 41.66 32.35 74.01 2,215.95

Average 5,119 7.00 12.4 41.66 74.01 .132 2,184.90 29.6

NoTE.^—In the above figui-es all delays have been excluded and the
costs are based on the actual running time of trains.

Variation of Transportation Efficiency With Speed.—The trans-

portation efficiency of an engine in ton-miles increases with the speed

within the ordinary range of speeds reaching a maximum and then de-

creasing. Fig. 11 shows the transportation efficiency curve for a P. & Q.

Railroad engine. The data given with the calculated relative transporta-

tion capacity per engine are shown in the Table I.

Table I

Relative Transp.
Capacity While ~

•

Speed III. p. h. Rating Pet. Running
10 100 100
15 93 139
20 84 168

' 25 70 175
30 55 165
40 40 160

The effect of speed on the transporting capacity of a given number
of freight cars as indicated by the N. & O. and the A. & B. tests is shown
in Fig. 12.
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Theoretically, the maximum transporting capacity of available rolling

stock would result with a rating of the locomotive to secure maximum
ton-miles per train hour. However, this theoretical result would be

tempered by interference from the additional trains required to transport

a given amount of freight and by the fact that locomotives are not actually

on the road more than about a third of the time and freight cars are

not on the road more than perhaps 5 per cent, of the time.

Only under condition"? of traffic congestion when business is lost

to the road by lack of capacity to handle is loading to secure the maximum
ton-mileage per train hour instead of per train mile generally justified.

In such cases, the loss due to greater cost per ton-mile will be balanced

against loss due to loss of business. In such cases, the most economic

rating will lie between the maximum tonnage rating and the maximum
capacity rating owing to interference of additional trains required to

transport a given tonnage.

Summary
Definitions.

(a) Minimum practical speed on the ruling grade is the lowest speed

which will permit a train to operate with proper safety from stalling and
which, together with the average speed over the remainder of the district,

will enable a train under normal operating conditions to pass over the

district in less than 16 hours by a reasonably safe margin.

(b) Maximum practical rating is the rating for the minimum prac-

tical speed on the ruling grade.

1. The effect of speed on transportation costs per net ton-mile

depends upon circumstances of traffic density and the physical character-

istics of the engine district considered, viz., ruling grade, length of dis-

trict, rise and falls and curvature.

2. As to traffic density, three cases arise, each of which must

have special consideration

:

I. When the Traffic at Hand to Be Hauled Is Less Than the

Capacity of the Line and Equipment Available. The objective in this

case will be to haul drag freight at a speed which will make the total

cost of transportation a minimum per net ton-mile, provided there exists

no special urge for expediting movement. An increase in speed result-

ing from reduced tonnage rating causes an increase in the cost of trans-

portation per gross ton mile.

IL Where the Traffic at Hand to Be Hauled Exceeds the

Capacity of the Rolling Stock (Either Motive Power or Cars). If

there is a shortage of motive power the transporting capacity of available

motive power can be increased by loading to secure the maximum
mileage per hour, which will mean increasing speed, with decreased ton-

nage. This procedure is feasible within the range of normal operating

speeds.

If a car shortage obtains some economy of haulage might be sacrificed

in order to secure greater efficiency from the cars available through

increased speed. Car efficiency increases with the speed, but not directly

because of terminal and other delays.

III. Where the Track Capacity at Low Speed Is Exceeded by the

Available Traffic. The rating and speed of trains niiglit be varied

frequently in order to permit trains to make their meeting poiiils
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promptly and thus minimize delays. The speed that will give the maxi-

mum capacity to the track will depend upon the density of traffic.

3. In general, the total cost of transportation per gross-ton-mile or

per net-ton-mile increases whenever the speed of operation is increased

by reducing the tonnage rating below the maximum practical rating.

Attention is called to the report of this Committee of 1921 (Proceed-

ings, Vol. 22, page 77Z) for a detailed analysis of effect of speed on the

cost of operating freight trains over a particular engine district.
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Fig. 2
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Fig. 3
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Appendix C

(3) METHOD FOR INCREASING THE TRAFFIC CAPACITY
OF A RAILWAY

M. F. Mannion, Chairman, Sub-Committee ; G. D. Brooke, B. O. Johnson,

E. E. Kimball, L. S. Rose, Barton Wheelwright.

The primary object of this Committee's work has been to study the

effect of various operating conditions upon freight train performance.

Thus far the Committee has investigated the following:

(1) The effect of the Number of Trains Per Day.
(2) The effect of the Length of Engine District.

(3) The effect of Double Tracking and
(4) The effect of Passenger Train Operation Upon Freight

Train Performance.
,

The effect of two new conditions upon freight train performance are

discussed in this year's study, namely:

(5) The effect of Supervision.

(6) The effect of Substituting Heavy Steam Power for Light.

The road on which this study is made is about 212 miles long, and is

divided into two engine districts, the western section being 96 miles long

and the eastern section 116 miles long. Fig. 1 shows a condensed profile

of the line from which the character of the road can be judged. Of
the traffic handled one-third originates on the line and two-thirds is

received from connections. There are two heavy interchange points, one

on each section. On account of this and the saw-tooth character of the

profile, the operation is more or less complex, that is, the service does

not consist of a simple road movement of uniform tonnage. "Set-outs"

and "pick-ups" are characteristic of the operation. In other words, the

conditions are typical of general cases.

Fig. 2 shows the basic operating statistics Train Miles, Train Hours,

and Gross Ton Miles by months beginning with January, 1920. The data

for this chart was tabulated from the monthly operating sheets and
plotted to show a picture of how the traffic changes from month to

month and also as an aid in comparing one month's operation with that

for previous months.

Fig. 3 is a chart obtained by plotting the cumulative totals of gross

ton miles so as to be able to tell at a glance how the traffic during any
period compares with the traffic for the same period in previous years.

These charts are of general interest as a means of following the business

handled.

In order to analyze this operating data use is made of the Train

Performance Charts discussed in previous reports, together with the

Tonnage Record Charts shown in Fig. 4 and 5. The Train Performance

Chart is intended to show the relation between the average road time

for trains on a hundred-mile division (assumed arbitrarily) and the nam-
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ber of trains per day (number of 100 train miles per day). That is,

each month the train miles reported for the month are divided by 100

times the number of days in the month to obtain the equivalent number

of trains making 100 miles per day. Also, the train hours reported for

the month are divided by the train miles and the quotient multiplied by

100 to obtain the average hours road time consumed by a train going 100

miles. This data is plotted for each month and the points numbered to

correspond to the number of the month.

Likewise for the Tonnage Record Chart, the gross ton miles reported

for the month arc divided by the number of days in the month to obtain

the gross ton miles per day and this result is plotted against the train

hours per 100 train miles. Theoretically, all of the points on both charts

should fall on a straight line, assuming operating conditions remained

constant throughout the twelve months. Actually the points do not fall

on a straight line because the character of the service varies slightly with

the character of the freight handled at different seasons, with weather

conditions and with the condition of the motive power, etc. This means

a variation in train weight from month, to month, which affects the

performance.

If the tonnage per train remained uniform the same grouping of

points would be obtained for the Tonnage Record Chart as found for the

Train Performance Chart and there would be no object in having two

charts, but since the tonnage per train varies, different groupings of points

are obtained in the two diagrams. This fact makes it easier to deter-

mine where the lines representing the average performance intersect the

horizontal axis, because the lines in both the Train Performance Chart

and in the corresponding Tonnage Record Chart must intersect the hor-

izontal axis at the same time. Thus the method followed in drawing

the lines representing average road time is to find the average of all the

points on the Train Performance Chart and draw through it a line

that will have the proper slope to pass through the midst of the points.

The same thing is done with a line on the corresponding Ton-
nage Recotd Chart. If the lines thus drawn do not intersect the hori-

zontal axis at the same time, the slopes of the two lines must be modified

until they do. This method is more or less approximate and can be

avoided if the study justifies making train-hour diagrams. The train-

hour diagram will determine this point more accurately for the reason

that the value found for to in the calculations is the intercept on the

horizontal axis (see page 743, A.R.E.A. Proceedings, 1922).

In all of the studies of this Committee it has been assumed that the

position and slope of these lines are affected by changes in major oper-

ating conditions. To test this assumption certain events in the last five

years of this railroad's history are indicated in the diagram for gross

ton miles in Fig. 2. All of the events thus noted have had an effect

upon train performance which effects can be classed under two heads,

(1) effect of supervision, and (2) effect of substituting heavy steam

power for light.
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Effect of Supervision.

It is ordinarily understood that supervision has to do with those

factors affecting the morale, working conditions or direction of the

employees. The effect of these factors upon train performance depends

to a large extent upon the degree that this function is exercised. It is

made manifest only periodically when an extra effort is made to achieve

better results or when conditions arise which render it ineffective.

900

Fig. 3

—

Chart Showing Gross Ton Mile Movements for Various Periods

To illustrate, it will be recalled that the United States Railroad

Administration turned the operation of the railroads back to their own-

ers on March 1, 1920, and in April of that year the outlaw switchmen's

strike occurred. The conditions which the officials had to contend

with were very unusual, but by the sxercise of careful management and

supervision the conditions were gradually improved. There is no doubt

but that a marked difference was experienced in a year's time, as these

diagrams covering 1920 and the years following bear witness. In fact,

the improvement from month to month is so marked as to make it dif-

ficult to apply a theory of operation to this period. The operation for

1921 is the first example of a typical performance under normal condi-
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tions, and all that was necessary to bring about this performance as

compared with 1920 was effective supervision.

In 1922 a different condition was brought about by the shopmen's

strike, beginning July 1, 1922. Its effect upon train performance is imme-
diately noticeable on the charts for 1922. The effect was felt the most dur-

ing the two months immediately following the calling of the strike and

then tapered off. However, the effect of the strike is very much disguised

on account of the fuel shortage which became acute during the winter

months and lasted through April of the next year. The effects of these

twa causes supplement each other more or less, that is, as the effect of

the shopmen's strike wore off the effect of the fuel shortage became
more pronounced.

In this connection it is interesting to note that when these unusual

conditions are removed the performance returns to normal, as will be

seen by plotting the points for the first four months of 1923 (indicated

by x) on the 1922 diagram and the points for the first four months of

1924 on the 1923 diagrams. In the first case the points fall very close

to the 1922 line because the conditions during this period were typical

of those which existed in 1922. In the second case the points fall very

close to the 1923 line because the conditions were similar to those which

existed during the latter part of 1923. In the months which intervened

between the same periods in 1923 and 1924 conditions returned to normal.

This simple test serves to strengthen our confidence in the theory which

the Committee has attempted to establish.

Effect of Substituting Heavy Steam Power for Light.

During the latter part of 1923 work was begun on the road to put

it in condition for the operation of heavier steam power. This work
consisted of renewing several bridges, laying heavier rails, and modifying

passing sidings, etc. In May, 1924, this work was far enough along to

permit the operation of heavier power, as indicated in Fig. 2.

Table I gives a statement of the operating statistics and Fig. 7

shows a chart of the performance for the corresponding six-months

periods of 1921, 1923 and 1924. Two interesting comparisons are thus

available. First, a comparison for the same periods in 1921 and 1923,

and second, for the same periods in 1923 and 1924.

Comparison Between 1921 and 1923.

From the summary of operating statistics in Table I for the years

1921 and 1923 certain differences in operation are noted, as follows

:

The class of power used was practically identical, that is, nearly 41

per cent, of the total locomotives dispatched were superheated consoli-

dation type engines, referred to as Class B in the table. The Class C
locomotives were saturated steam engines consolidation type, about 20

years old.
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whereas on the Train Performance Chart for the same number of trains

there is a reduction of only about 2 per cent, in the average road time

per train.

If it is desired to ascertain how much more tonnage could be

handled in the same time, follow the vertical line corresponding to the

time from Curve C to Curve B on the Tonnage Record Chart and the

increase will be found to be about 6.2 per cent, that is, for 5 per cent,

greater utilization of locomotives 6.2 per cent, greater tonnage was

1.062

handled in the same time or a performance efficiency =1.011

1.1 per cent, better in 1923 than in 1921.

1.05

Comparison Between 1924 and 1923.

The Class A locomotives referred to in Table I for 1924 are modern

Mikado superheated locomotives. These locomotives are being substi-

tuted for the old Class C saturated steam consolidation locomotives.

In the six-months period of 1924 the tonnage per train averaged

1,436 against 1,259 for the corresponding period in 1923, or a gain of

14.06 per cent, in train weight.

The number of locomotives dispatched per 100 train miles decreased

.9 per cent. In other words, this is equivalent to hauling 14.2 per cent,

heavier trains with the same number locomotives, some of which are

heavier than those used in 1923.

Table I—Statement of Operating Statistics—Six Months, 1921, 1923,

1924

Freight
Train

Month Miles

June 47,243

July 46,940

Aug 55,971

Sept 61.705

Oct 65,183

Nov 54,244

Total 331,286

June 52,012

July 55,028

Aug 59,046

Sept 63,606

Oct 67,600

Nov 60,768

Total 358,060
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1924

Freight Freight
Train Train

Month Miles Hours
June 41,624 3,412.5

July 49,612 3,907.3

Aug 53,456 4,582.0

Sept 60,306 5,177.1

Oct 71,885 6,179.2

Nov 57,851 4,943.6

Total 334,734 28,201.7

1,000
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Appendix D

(4) METHODS OF ANALYZING COSTS FOR THE SOLU-
TION OF SPECIAL PROBLEMS, INCLUDING A STUDY
OF THE COSTS OF STARTING AND STOPPING TRAINS

J. E. Teal, Chairman, Sub-Committee ; G. E. Boyd, J. M. Brown,

J. M. Farrin, C. S. Gzowski, H. T. Porter, M. F. Steinberger.

This Committee has continued the work outlined last year and can

report progress in regard to the solution of the special problem, "Cost

of stopping and accelerating a freight train to the speed from which

it was stopped."

Two papers are presented, Appendix D-1 and D-2, to show methods

of developing a solution of this problem as follows

:

Appendix D-1
•

OBSERVATIONS FOR DETERMINING THE DIRECT COSTS
AND METHODS FOR ALLOCATING INDIRECT COSTS
ACCRUING FROM STOPPING AND STARTING A FREIGHT
TRAIN

During February, March and May, 1924, observations were made

on a number of through tonnage freight runs for determining such

direct cost items as possible. The observations covered trains handled

by both Santa Fe and Mallet type locomotives, having a tractive power

of 76,100 lb. and 72,600 lb., respectively. The actual gross tonnage

handled ranged from 1226 to 5998, and temperature conditions from a

low mean 28 deg. Fahr. in February to a high mean of 55 deg. Fahr.

in May. A total of 43 observations were made.

The records of these observations were grouped according to type of

power, tonnage handled and weather conditions. The largest group, con-

taining nine observations of full tonnage Mallet trains and eight observa-

tions of light tonnage Mallet trains operated during May, appeared to

be the most satisfactory for developing the solution to this problem.

The record of these observations is tabulated on the attached state-

ment, Table A.

The grades vary from 0.37 per cent, ascending to 0.50 per cent,

descending, and as there are approximately as many ascending grades

as descending grades, it will be assumed that the average results are

equivalent to what would be obtained if all observations were made on

a level grade. The curvature on this line is light and as these stops

were at water stations, the major portion of the distance covered

between the point of stopping and the point where the former speed

was reached was on straight track.
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Table A
Type of Locomotive 2—6—6—2—Tractive Power 76,100 Pounds—Mean Temperature

55.4 Degrees Fahrenheit

Date

No. of Cars

Loads Mtys

Actual
Tonnage

Speed
from
which
Stopped

Grade

App. Ace

From Beginning of

Stop to Resumption
of Former Speed

Distance
Covered

Time
Elapsed

Elapsed Time Required

To
Stop

At To Total to
Stop Accl. Stop and Accl,

Additional
Amount ot

Fuel

Heavy Tonnage Group

5-12-24
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The tonnage shown in the statement is actual gross, the northbound

trains having an average of 76 loaded cars and two empty cars, were
full rated. The southbound trains had an average of 82 empty cars,

the balance of traffic governing the train load.

The speed of the train was estimated by the engineman and observ-

ers before beginning to stop the train. The same proceeding was used

in determining when the train had again attained its former speed.

The distance covered from the beginning of stop to resumption of

former speed was determined by counting the telegraph poles and mul-

tiplying by the number of feet they are set apart.

All locomotives used were stoker fired.

The amount of fuel was estimated by first determining the amount
of coal discharged in the firebox with each stroke of the stoker piston,

by making a record of the average number of strokes between telegraph

poles for a considerable distance before the beginning of the stop. It

was reasonable to assume that the stoker would have been run at the

same speed had the stop not been made. Record was then made of the

average number of strokes of the stoker piston in stopping, during the

time stopped, and in accelerating the train to its former speed. It was
then a simple calculation to determine the number of extra strokes made
by the stoker piston between the two given points from which the

extra amount of fuel was determined.

The extra amount of water used in making the stop was determined

by multiplying the extra pounds of coal used by the average number
of pounds of water evaporated per pound of coal for this type of loco-

motive. One gallon of water per pound of coal was used ; this included

water evaporated and an allowance for water wasted. Special eflFort

was made to maintain the same level of water in the boiler while stop-

ping and starting the train.

Wear and tear of freight cars, including interest and depreciation,

is calculated by using the per diem value of $1.00 a day as a basis.

This is a fair figure as it is the amount paid by one railroad for use

of cars belonging to another railroad, which is designed to cover the

charges against a freight car incident to ownership, including ordinary

repairs.

Repairs to locomotive is based on the average cost of repairs per

locomotive mile. This cost is reduced to a time basis by multiplying by

the average number of miles made per day for the class of locomotive

in this service and then dividing by the average number of minutes per

day the locomotive was in service. For the purpose of this study, the

cost per locomotive mile was taken as 50 cents ; the number of loco-

motive miles per day at 114; the average number of hours in service 10

per assigned locomotive, or 600 minutes.

Interest on value of the locomotive and depreciation is applied on a

basis of 10 per cent, per annum, which may be divided—5 per cent, inter-

est, and 5 per cent, depreciation. The value of the locomotive was placed

at $80,000.
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The wage expense for enginemen and train crews is calculated on a

time basis, taking the hourly rate, either straight time or overtime, as

conditions warrant. This is then applied to the actual loss in time due to

stopping and accelerating the train.

The following tabulation shows the various items of expense as

developed by the foregoing method. This is additional expense that may
be charged account of stopping and accelerating the train to the speed

from which it was stopped.

Table B
Cents per
]\2tfltit€

1. Fuel at $3.00 per ton 6.30

2. Water at 10 cents per 1000 gallons 0.42

3. Wear and tear of freight cars, including interest and retirement. 5.55

4. Wear and tear of locomotive 9.50

5. Interest and depreciation of locomotive 1.52

6. Wages of engine and train crew 9.70

Total 32.99

The total is equivalent to $19.80 per train hour.

In order to show the additional expense that will accrue during the

time the train is at stop, items 1, 2 and 4 in Table B are adjusted as

follows

:

Table C
1. Fuel reduced 89 per cent. X 6.30 = 5.60c

2. Water reduced 89 per cent. X 0.42 = .37c

4. Wear and tear of locomotive reduced 75 per cent. X9.50.... = 7.13c

Total 13.10c

This amount, 13.10c, substracted from the total, 32.99c, Table B,

leaves 19.89c per minute, or $11.93 per train hour, as the cost accruing

while the train is at stop.

These estimates are based on the amount of fuel and water required

to keep up steam while at stop compared with the amount required while

working and the approximate percentage of the cost of locomotive boiler

repairs (25 per cent.) to the total cost of locomotive repairs.

With the data contained in the statement. Table A, and the items

expense in Table B, charts have been prepared to show the cost of stopping

and starting a Mallet through freight train under varying train loads and

speeds.

The charts are self-explanatory ; however, a brief description of the

method of their development may be of interest.

The average time, train load and speed, was plotted for the two heavy

train load groups and like train load group respectively. These points are

indicated by the small squares. Fig. 1, and were used as a basis for cal-

culating other points of time and speed.
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V
To do this, the formula. F = 95.6— was applied, in which

t

P ^ Force producing acceleration or retardation in pounds per ton

V ^ Velocity in miles per hour
/ = Time in seconds during which force P acts

t 1.5933 V
7= — or P =

60 T
T =^ Time in minutes during which force P acts

This formula is developed in Henderson's "Locomotive Operation,"

Chapter I—Inertia.

The principal elements considered in the formula in determining the

resistance due to acceleration are

:

1. The longitudinal inertia of engine and train.

2. The rotating inertia of the wheels.

The formula is approximate only in that the rotating inertia of the

wheels is assumed to be equal to 5 per cent, of the total longitudinal

inertia for all cases. In actual tests, this approximation has been found

to be very close in every instance.

First solve for the value of P by using the known values, V and T,

then substitute the various speeds or velocities, V from 5 to 30 miles per

hour and solve for T.

Example—using heavy tonnage group values in Table A

:

V = 18.9 T = 14.9

1.5933 X 18.9

P = = 2.02

T = Let V=\0 m.p.h. then

14.9

1.5933 X V



894 Economics of Railway Operation

v



Economics of Railway Operation 895

The costs shown herein are presented as information, and, while

they may be applicable on the road upon which the tests were conducted,

they can not be generally applied. However, it is felt that the method

of compilation presented may be safely used in developing analogous

costs on other roads.

During the coming year, it is expected to have a large number of

additional observations made in order to obtain sufficient experience to

prove or disprove the practicability of the method outlined above.
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Fig. 1

Curves showing total time required and cost to stop and accele-
rate tonnage freight trains to the speed from which they are stopped.
For expense accruing during time of train at stop waiting for block
or taking water, add 20c per minute. Average time required to re-
lease air brakes after complete application (4 minutes) included in

time and cost scale on right of chart. This is a development diagram
and shows the total time required to stop and accelerate tonnage
freight trains, including the time required to traverse the distance
at the given speed. Type of locomotive, 2-6-6-2; tractive power,
76,100 lb.; cost computed at 33 cents per minute.
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Appendix D-2

AN ANALYSIS OF THE ELEMENTS ENTERING INTO THE
COSTS ARISING FROM STOPPING AND STARTING

A TRAIN

The deductions in this paper are from the analysis o£ the records

of performance of a number of trains taken by a dynamometer car

upon various divisions of a mid-western railroad during 1924, the details

for which are assembled upon the attached sheets. For the purpose

of arriving at coal consumption per stop the performance of a train that

stopped is compared with one that did not stop and comparisons are

made between the point at which the stop of the one train was made

and the point at which the drawbar pulls of the "stop" train and "non-

stop" train equalized.

The engines were of the 2-8-2 and 2-10-2 type and were superheated.

They were in regular road service at the time of the tests.

The rated tractive efforts of the engines used were 55,000 lb., 57,000

lb. and 72,000 lb. respectively. The computed tractive effort at the time

of the test for the individual engine is shown in the appropriate column

on the record sheet.

Some of the engines were hand-fired and some stoker-fired. On
hand-fired engines there was recorded on the chart the number of

scoops of coal used ; about every half hour a scoop of coal was w.eighed,

the weights varied from 17 lb. to 20 lb. per scoop but the weights for

each fireman were quite uniform. The weight used was the average

of the fireman at the time of the comparisons. On stoker-fired engines,

the revolutions of the stoker were recorded but the stoker was operated

in accordance with the judgment of the fireman. The calibration of

the stoker was 3.1716 lb. per revolution. If the pop was operating during

the time of the comparison the amount of coal consumed was deducted

from the consumption per stop. The calibration of the pop valves on

these engines was 324 lb. of steam per minute at 180 lb. pressure, equiva-

lent to 41.33 lb. of coal. A reduction of 15 lb. pressure in the train line

releases 2 cubic feet of free air per car and 5 cubic feet per engine,

the restoration of which requires .03716 lb. of coal per foot. This amount

was added to the coal consumed.

The trains were made up of cars in the usual order of business, some

consisted of practically all loads, some practically all empties and some

mixed loads and empties. The caboose was counted as an empty car and

the dynamometer car as a load. However, in eight tests, the same engine,

same cars and same enginemen were used.

The actual tonnage of each train approximated the maximum for the

engine and subdivision shown in the test. For the purpose of compari-

son, the "non-stop" train was equated to the "stop" train, the equation
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factor for which is developed from the Train Resistance formulas ol

Professor Edward C. Schmidt, University of Illinois Bulletin 43.

The elements entering into the cost of a train stop are

:

(a) Coal consumed.

(b) Water.

(c) Maintenance of equipment.

(d) Time lost.

Coal is the element that contributes the greatest expense. This is

shown on the accompanying table for each stop compared and the

amounts were determined by computing the differences in horsepower

hours between the "stop" and "non-stop" trains using the drawbar pull

as recorded on the dynamometer chart. Practically all the details taken

in connection with the tests are shown in the table.

The average grade on \Vhich the "stop" train stood at time of stop

is shown and in nearly all cases was slight, the plus and minus signs in

the grade column apply to the direction in which train was moving. The
initial speed of the two trains are shown as at point of stop and the final

speed at the point where draw bar pulls equalized. These speed details

are inserted for information only. The average distance over which the

comparisons are made is 2.5 miles.

The grades in this 2.5 miles are not equated to a level grade and

were usually undulating.

There are wide variations in the resultant amount of coal consumed

per stop but it will be noticed the coal per horsepower hour is within

the limits accorded that factor by all authorities.

The amount of water is based upon an allowance of one gallon of

water per pound of coal.

Maintenance of Equipment is an indeterminate factor. Deterioration

of equipment is due to many causes, stops, of course, being one but the

contribution from a roadway stop is slight when compared with the

multitude of shocks caused while running and particularly while switch-

ing. Main line roadway stops of trains in these tests averaged one in

10.2 miles, this being the record from the dynamometer charts covering

4800 miles. In locomotive equipment, the major M. of E. expenses arise

from wear and tear of the machinery while the boiler repairs approximate

25 per cent of the total where a locomotive is entirely overhauled.

On the road where these tests were made, Maintenance of Freight

Train Cars amounted to 1.76 cents per car per mile for the three years

ending December 31, 1923, and locomotive repairs for the same period

were 27.56 cents per locomotive mile. A test of wear on brake shoes

was made on cars running between Chicago and the West Coast. The loss

was 9.16 lb. per shoe after running 9,124 miles after which the shoes

were removed and applied to cars having shorter runs. The original

weight of the shoes was 23.5 lb. and when finally discarded there were

12 lb. of scrap value. The net cost was 1.65 cents per pound. These
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figures are given to illustrate how little the cost of a roadway stop con-

tributes to Maintenance of Equipment.

From the published records of costs per train stop as developed by

one prominent eastern and one prominent western road the average was

8/10 mills per car per stop. An assumption, therefore, of one mill per

car per stop, would be conservative.

Time lost was determined from time and speed at which brakes were

applied and time at which same speed was resumed. However, this method

was not adopted in all cases because grades or other controlUng factors

intervened.

On pages 901 to 904 are statements showing the manner in which the

details, upon which this study is based, were tabulated.

It will be interesting to note that the average net amount of fuel

consumption per "stop train" was 311 lb. for a group of 31 trains having

an average train load of 2,064 gross actual tons. Ten of these trains

were handled with 2-10-2 type locomotive* and 21 with 2-8-2 type

locomotives.

This fuel consumption is comparable with the amount of fuel re-

quired for the light tonnage group of trains handled with 2-6-6-2 type

locomotive, outhned in Appendix D-1 of 434 lb. gross which is equated

to 394 lb. net required to stop and accelerate.

No direct cost figures are presented in this paper ; its purpose being

to indicate a method by which such costs can be computed when con-

sideration is being given to the advisability of eliminating a particular

train stop.
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Analysis of Various Dynamometer Tests Made in May, June and July,

1924, for Determining the Coal Consumption and

Time Lost on Account of a Train Stop.

11.

12.,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Test

AvprnRo.

91
87
88
92
104
92
94
92
94
93
105

93
105
93
105
93
105
95
93
93
95
93
95
93
95
95
105
96
100
96
100
104
94
104
94
104
94
109
114
114
109

114
109
114

109

Locomotive
Tractive
Effort

71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
71,885
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
67,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
57,120
54,600
54,600
37,120
54,600
57,120
54,600
57,120

Loads

33
33
33
33
33
33
33
33
33
33
33
33
33
33
32
33
33
33
33
32
32
1

32
23
32
23
31

1

31

1

31

1

31

1

34
32
32
34
31
34
31
34
34
1

40
1

40
1

1

20
I

20
1

20
41

38
38
41

38
41

38
41

Empties

2

2

2

2

18

7

18

7

7

79
3

95
3
95
87
33
87
33
87
33
5

10

10
fi

10
6
10

6
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Analysis of Various Dynamometer Tests Made in May, June and July,

1924, for Determining the Coal Consumption and

Time Lost on Account of a Train Stop.

Actual
Tons

2,341

2,341

2,341
2,341
2,341

2,341

2,341
2,341
2,341

2,341

2,319
2,319
2.319
2,319
2,269
2,342
2,342
2.342
2,319
2.269
1,840

1,825

1.840
2,089
1,840
2,089

1,960
1.655

1.960
1.655

1.960
1.655
1.960

1.655
1,845
1,854

1,854

1,845

1,960
1.944
1.960

1.944
1.944

1.655
2,178

2,071

2,178
2.071

1.825

1.882

1.825

1,882

1,825
1,882
2.153

2,103
2,103
2.153
2.103

2.153
2.103

2,153

2.064

Average
Weight Per

Car
Tons

68.9
68.9

68.9

68.9
68.2
68.2
68.2
68.2
68.7
68.8
68.8
68.8
68.2
68.7
55.8
20.7
65.8
37.3
55.8
37.3
40.0
20.7
40.0
20.7
40.0
20.7
40.0
20.7
51.2
54.6
54.6
51.2
40.0
47.4
40.0
47.4
47.4
20.7
50.6
21.6
50.6
21.6
20.7
35.5
20.7
35.5
20.7
35.5
46.8
43.8
43.8
46.8
43.8
46.8
43.8
46.8

Length
of

Train
Feet

1,576

1,576

1,576

1,576
1,576

1,576
1,576

1,576
1,576

1,576

1,576

1,576
1,576

1,576

1,532

1.576

1.576

1.576

1,576
1,532
1,532

3,952
1.532

2,544
1,532
2.544

2,238
3,600
2.238
3,600
2,238
3,600
2.236

3,600
1,664

1,576

1,576
1,664

2,236
1,884

2.236
1.884

1.884
3,600
1,972

4,304

1,972

4,304
3,954
2,412
3.954
2,412

3,954
2,412

2,104
2,192

2,192
2,104

2,192

2,104
2,192

2,104

2,217

Average
Grade

Per Train
Length

+0.04

+0.32'

Distance

2.5
2.5

2.5

+0.32
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Analysis of Various Dynamometer Tests Made in May, June and July,

1924, for Determining the Coal Consumption and

Time Lost on Account of a Train Stop.

10.

20.

28.

30.

Stop
Non-Stop

Speed

Initial

S
NS
S
NS
8
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
S
NS
8
NS
S
NS
S
NS
S
NS
S
NS
S
NS

34.5

20.5

29.5

32.5

33.0

36.0

20.0

24.0

38.0

36.5

8.0

26.0

41.0

33.0

28.5

28.5

11.0

32.5

34.0

30.0

31.5

28.5

15.5

32.0

35.0

31.5

24.5

31.5

27.5

23.5

11.5

Final

24.0
30.0
27.5
31.0
33.0
38.0
30.5
37.5
30.0
35.5
35.0
28.0
37.5
37.5
31.0
31.5
31.0
31.0
35.0
32.0
25.0
30.0
25.0
31.0
34.5
42.0
19.0
29.0
29.0
27.0
31.0
33.0
27.0
19.5
13.0
15.0
34.0
36.5
38.0
35.0
29.0
27.0
32.0
33.0
31.0
26.5
27.5
33.0
28.0
24.5
32.5
36.5
29.0
37.0
24.0
24.0
22.0
27.5
23.5
22.5
25.0
25.0

Horse
Power

Developed

215.0
119.0
178.0
138.8
161.5
114.7
128.

3

75.6
108.0
46.8
87.6
56.15
166.0
124.6
174.8
98.8
162.6
81.8
87.6
30.4
121.4
137.4
121.4
96.0
92.4
34.8
86.5
50.1
62.7
18.4

111.2
103.5
60.0
61.1
389.7
302.6
244.2
135.6
112.8
37.4
62.7
11.1

123.1
103.5
148.7
155.5
102.3
95.7
151.5
50.1
149.0
84.0
140.9
95.7
155.6
117.9
95.05
69.0
138.3
116.0
135.3
113.8

Horse
Power
Equated

'm.2

167.5

237.3

'm.z

140.8

'm.5

79.9

78.3

'367!5'

272.2

"98.2'

54.6

'l82!4'

257.8

'i67!6'

112.8

'li2!6'

106.0

isoio

92.4

'i34;2'

Equation
Factor

1.03

1.03

6;978'

1 .995

'i.'534'

1.535

'i!255'

1.272

'i!i56'

1.305

1.115

6!87
'

0.87

i;48

1.735

lies
'

0.745

6;762'

0.753

6!836'

0.978

o.m

o.m
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Analysis of Various Dynamometer Tests Made in May, June and July,

1924, for Determining the Coal Consumption and

Time Lost on Account of a Train Stop.

Coal
Consumed
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Appendix E

(5) THE ECONOMY RESULTING FROM THE OPERATION
OF TRAINS AGAINST THE CURRENT OF TRAFFIC

ON MULTIPLE TRACK LINES

E. T. Howson, Chairman, Sub-Committee ; R. T. Scholes, F W. Brown,

E. J. Correll, J. F. Pringle, M. C. Selden, V. I. Smart, C. L, Whiting,

J. L. White.

This is not a new subject for this Association, for a report was pre-

sented on it at the convention in 1922. That report contained a summary
of the" practices of 33 roads with reference to the operation of trains

against the current of traffic and concluded with the recommendation

that the following paragraph be adopted by the Association for inclusion

in the Manual:

"Operation of trains against the current of traffic on multiple

tracks should receive consideration with other methods whenever
congestion, delay or overtime prompt investigation of means of
facilitating the movement of traffic or increasing the capacity of

a line."

This recommendation was approved by the Association.

The subject was again assigned to this Committee for study this

year, indicating a recognition of one of the outstanding tendencies in

transportation at the present time to devote attention to ways of increas-

ing the capacity of the present plant or of utilizing more intensively the

facilities now available before incurring large expenditures for added

facilities. This attitude is a result in part of the difficulty of financing

new improvements and of earning a fair return on the expenditures there-

for in recent years, and also in part to the recognition of the obligations

to the public to use the present investment as efficiently and as intensively

as possible.

The operation of trains against the current of traffic implies the diver-

sion of trains to a track which is normally used for movements in the

opposite direction but which is temporarily idle, thereby avoiding delay

to these or to other trains and expediting their movement thereby. It is,

therefore, a step in the more intensive utilization of a property, avoiding

or postponing the expenditure of funds for additional facilities and for

additional main or passing tracks otherwise made necessary by delays to

trains. If all trains could be spaced uniformly in each direction through-

out the 24 hours and if this spacing could be maintained and also if the

traffic moved uniformly from day to day, this practice would be unneces-

sary or of little value. However, this is not the case. Tonnage or drag

freight and manifest or time freight trains must be moved coincident

with local and through passenger trains, each on a schedule suited to its

requirements and without undue delay to or from the others. The in-

ferior train must give way to the superior, suffering resulting delay thereby.
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Furthermore, certain traffic tends to bunch at intervals throughout a day,

interfering thereby with other traffic. For instance, the preponderant

passenger movement approaching a large terminal is inbound in the

morning and outbound in the afternoon and this requirement neces-

sitates other traffic giving way to it. Likewise, the live stock movement
assumes large proportions in the vicinity of certain large meat packing

centers in the middle west in the early hours of the morning on certain

days of the week, and the necessity for regular delivery requires that

other traffic be kept out of its way. Such conditions seriously interrupt

the uniform movement of trains, for unless special measures are adopted

the inferior train must keep clear of the superior train and take the

delays which result therefrom. These peak movements occur principally

on lines with two or more main tracks and commonly when traffic in

the opposite direction is light.

Delays to trains have become increasingly serious in the last few

years following the revision in wage schedules and the basis for the com-

putation of overtime. They are also of growing importance because

of the constant increasing train load, adding to the desirability of avoid-

ing all unnecessary stops and keeping trains moving. This is particularly

important in winter when the danger of trains becoming stalled is in-

creased by the low temperatures.

The prevention of undue delays to trains may be avoided by provid-

ing additional tracks for use in the direction of congested movement. It

may also be overcome in part by the use of the other existing main

tracks so far as they are or can be readily made idle for the movement

of trains in the direction of preponderant traffic, separating the slow

and the fast and allowing each to proceed without interfering with the

other. In some instances where the traffic is uniformly heavier in one

direction between certain hours and then in the other direction for

other periods, as in suburban zones, the direction of traffic on one or

more tracks may be reversed by standing timetable order to meet this

condition. Thus, a third track is frequently used regularly for inbound

trains in the morning and outbound in the evening. This, because of

its regularity, does not come within the scope of the Committee's report,

for its assignment refers to the diversion of trains against the current

of traffic at will and without advance warning or notice in order to meet

conditions as they may arise at any time throughout the day.

From the information received in reply to its questionnaire three

years ago, it was evident to the Committee that two roads have followed

this practice more generally and for a longer time than others. These

roads are the Chicago, Burlington & Quincy and the Cleveland, Cin-

cinnati, Chicago & St. Louis. Your Committee concentrated its atten-

tion, therefore, on a study of the methods in force and the results

secured on these roads, going over representative divisions of both

and observing the manner in which the trains were diverted on each.
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The Chicago, Burlington & Quincy

The Chicago, Burlington & Quincy is the pioneer in this practice,

having followed it for more than 25 j'ears. It is in effect on all multiple-

track lines of this road, aggregating more than 1,000 miles. It is em-

ployed with equal freedom on lines equipped with the telegraph block,

with the manual block, with automatic signals with the current of traffic

and with automatic signals in both directions on each track. In gen-

eral, it is the practice on this road Vo run the lighter train, passenger or

freight, around the heavier train, allowing the latter to proceed on its

track undisturbed. The delay to a passenger train which is diverted

to the opposite main track and run-around another train does not exceed

three minutes. On the double track line between Aurora, 111., and Gales-

burg, 126 miles, which the Committee went over, from 15 to 40 movements

are made against the current daily in moving 40 trains in each direc-

tion, 11 of which are passenger and mail trains. Trains are dispatched

on this division by telephone. The prevailing direction of tonnage is

eastbound, in which direction the normal rating is 5000 tons.

Because of the character and density of this traffic both tracks are

signaled in each direction with automatic signals spaced approximately

two miles apart with the current of traffic and from station to station

(crossover or passing track) for movements against the current of

traffic. Facing point crossovers are located at most stations, some of

which are interlocked and operated from towers, while others are hand-

thrown. Where crossovers are interlocked they are protected by three-

position signals, the lower arm giving a train authority to proceed to the

crossover, where it is given further authority by a No. 19 order and a

clearance card to proceed through the crossover and on the opposite

main track. Where the crossover is not interlocked, the same indication

is given by means of a calling-on arm which is connected with the track

circuit and controlled by the operator. Once on the opposite main track

the train proceeds without speed restrictions except when passing through

yards where it is required to run under control.

All movements against the current of traffic are made only at the

direction of a dispatcher, who first ascertains that the opposing track is

clear between the points to be covered in the order. He then advises

the operators at all intermediate as well as terminating points of the

reverse movement. The operators are further required to communicate

all movement against the current from one to another. Except in the

A.P.B. signal territory between Chicago and Galesburg, the operator

at the point specified as the end of the diversion order is required to

hold his train-order board against a train and it is required to secure

a clearance card before returning to its main track, thereby providing

against the overrunning of the limits on the wrong track. On lines west

of Galesburg, where the tracks are signaled in one direction only, the

trains are moved against the current of traffic under train orders sup-

plemented by the manual block in some instances.
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The Big Four Practice

The Cleveland, Cincinnati, Chicago & St. Louis also makes a prac-

tice of operating trains freely against the current of traffic on its more
than 550 miles of double-track lines. The territories on which this

practice is followed most freely are between Cleveland and Bellefontaine,

Ohio, 140 miles ; between Cincinnati and Springfield, Ohio, 79 miles

;

between Cincinnati, Ohio, and Greensburg, Ind., 62 miles ; between Indi-

anapolis and Terre Haute, Ind., 71 miles, and between Pana and Lenox,

111., 70 miles. This practice has been followed on the Big Four as a regu-

lar procedure since 1900. In automatic signal territory automatic signals

have been installed for the operation of trains in the normal direction

of traffic and the manual block system has been superimposed to govern

trains moving against the current of traffic. In manual block territory

the double tracks have been signaled as two single tracks by the erection

of high signals governing movements in both directions. In the territory

between Pana and Lenox, which the Committee studied, from 10 to 12

movements are made against the current of traffic daily in periods of

heavy business, while a check of train movements on various double-

track lines of this road on a typical day in a period of heavy business

showed that 42 out of 97 passenger trains and 21 out of 104 freight trains

operated used the opposite main tracks for varying distances. As far

as possible the diversion of trains between these limits is confined to

those points where facing crossovers are operated by interlpcking towers,

although in emergencies trains are backed through crossovers at other

stations. In diverting trains against the current of traffic the dispatcher

first puts out an order to opposing trains at the first open station beyond

the point at which the train is to be crossed back to its right main track

and to the operator at the station where this crossover movement is to

be made. The dispatcher also issues the same order on form "19" to

the operators at the intermediate open stations, to the operator at the

station where the train is to be diverted to the opposite main track and

to the trains affected moving in the same direction. Where the train

to be crossed over carries passengers, it is required that the order

shall be delivered to it one station in advance of the point of diversion.

OBJECTIONS TO THIS SYSTEM

Some objections are raised to this practice, among which are the

following

:

(1) It is claimed that after train crews and other employees have

become accustomed to the operation of trains in one direction only on

a track, the running of trains in the other direction introduces a special

hazard. In reply it may be said that while this objection may be valid

for a short time following the initial introduction of this practice, it is

merely a result of habit and can be overcome quickly. The actual opera-

tion of trains against the current is identical with that prevailing on a

single-track railway, the typical railway of this country, and the hazard
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should be no greater. Furthermore, no road hesitates to operate trains

against the current of traffic in emergencies, and such operation as a

customary practice really removes the hazard attendant on the operation

in cases of emergency.

(2) That it leads to the introduction of facing point switches in

main tracks. This may or may not be true, for the operation of

trains against the current of traffic reduces the necessity for additional

passing tracks and the switches therefor. Furthermore, the same hazard

exists at every switch in a single-track main line. Frequent use of these

crossover switches also leads to their maintenance to higher standards

than for normal operation in one direction.

(3) That it introduces a hazard for trackmen and other emploj'ces

on track. This is not valid, for while a hazard may be introduced when
this practice is resorted to only in emergency, when it becomes usual

the danger can be overcome by the exercise of proper precautions.

(4) That it requires an additional investment if the maximum ad-

vantage is to be obtained. This is not necessarily true, for trains may
be reversed over existing crossovers. After this, added investment can

be regulated by the demands, as is illustrated by the practice on the

Burlington and the Big Four of lining up crossovers for reverse move-

ment by hand at many points, adding interlocking plants only where the

traffic warrants and affording complete automatic signal protection for

reverse as well as direct movement on lines of still greater density of

traffic. Where the number of movements to be made against the cur-

rent is small, the investment can be confined to facing point crossovers

or trains can be backed through existing trailing crossovers. Beyond
that point it should be increased only as an adequate return can be

earned.

ADVANTAGES OF THIS SYSTEM
The advantages of this system are

:

(1) That it keeps trains moving, thereby reducing delays and the

overtime resulting therefrom and in many cases eliminates the necessity

for tying up trains in compliance with the 16-hour law. A study of the

train sheets of 201 trains moved on a typical day on those sections of

the Big Four in which trains are diverted against the current of traffic

when necessary showed that five trains were prevented from being tied

up under the 16-hour law, while 1880 minutes were saved in the time

required for trains to complete their runs between terminals. If, for

example, this delay is computed on the basis of 40 cents per minute,

this saving in time alone aggregates $752 for the day, or at the rate of

approximately $275,000 per year in the territory on which this study

was based. The elimination of stops also reduces the number of draw-

bars pulled out, etc.

(2) That it increases the utilization of locomotives and cars by

facilitating their movement over the road, thereby increasing the miles

per car day, reducing per diem, etc.
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(3) That it increases the capacity of a line by enabling more trains

to be moved, thereby postponing the necessity of making considerable

expenditures for additional main tracks to handle a given volume of

traffic without excessive delays. It is estimated that it would be neces-

sary for the Burlington to construct a third track for a large part of

the distance between Aurora and Galesburg to handle the present traffic

if this practice were now abandoned.

(4) That it reduces the necessity for passing track facilities to the

minimum. This is particularly evident on the Burlington where only

15 -passing tracks of sufficient length to accommodate a tonnage train

are provided on the 126 miles between Aurora and Galesburg, and the

observation of the Committee was that a large part of these are seldom

used.

(5) That it facilitates the conduct of heavy maintenance operations,

such as the laying of steel and reballasting, by facilitating the diver-

sion from all traffic from the main track on which such work is being

handled by the operation of th*e remaining track as a single track during

the working day. The Burlington utilizes this -method of train opera-

tion to enable the maintenance of way forces to lay practically all of

their rail with rail-laying machines with the exclusive use of their track.

Work trains are also enabled to distribute and take up rail, unload

ballast, etc., without interference from regular traffic.

Conclusion

For these reasons your Committee recommends that the conclusion

adopted by this Association in 1922 for publication in the Manual, which

was quoted at the beginning of this report, be withdrawn and the fol-

lowing substituted therefor:

"Where the -volume and distribution of traffic on a multiple

track line are such as to cause delays to trains sufficiently serious

to warrant the consideration of means of effecting relief, the

operation of trains against the current of traffic is, with suitable

protection, recommended as safe and as affording a means of in-

creasing capacity at a small expenditure comparable with the

cost of additional facilities sufficient to give relief."
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Appendix F

(6) METHOD FOR THE DETERMINATION OF PROPER
ALLOWANCES FOR MAINTENANCE OF WAY

EXPENSES DUE TO INCREASED USE
AND INCREASED INVESTMENT

F. H. McGuigan, Jr., Chairman, Sub-Committee; E. G. Allen, H. C.

Crowell, J. F. Pringle, H. A. Roberts, H. M. Tremaine, Louis Yager.

Assignment:

"Begin the study of methods for determination of proper
allowances for maintenance of way expenses due to increased use,

and increased investment, collaborating with the Committee on
Records and Accounts."

Following action by the 1923 Convention, the Committee has con-

tinued its investigations and has carefully reviewed its preliminary report

in which were given detailed procedures for the determination of allow-

ances for increased use and a general outline of a method for determina-

tion of allowances for increased investment.

In this report the Committee re-afifirms the conclusions in its previous

submission concerning increased use and presents a definite plan for

determination of allowances for increased investment, together with

examples illustrating the application of methods and principles involved

by both phases of the assignment.

Introduction:

It is an accepted fact that maintenance of way expenses and require-

ments are affected by changes in

—

—the amount and character of fixed property to be maintained.
—the volume and character of the traffic handled or use made of

the property.

The problem of the Committee is to formulate methods for measuring

the effect of such changes.

An ideal solution of the problem would disclose for each of the

numerous elements of property the maintenance requirement per unit of

transportation produced. Attainment of the ideal, however, is precluded

by economical and practical limits of physical and accounting records and

the influences of local conditions of geography, standards, management
and earning power of the individual railways. The practical solution,

therefore, must lie along the lines of adapting available accounting records

and maintenance judgment to a correct appraisal of the extent to which

maintenance necessities of individual railways are affected by changes in

their properties and the use made of them.

In many instances, responses to maintenance requirements due to

changes in a property or the use made of it, are not immediate but may
have been anticipated or deferred. Current comparisons are sometimes

further complicated by temporary substitutions of labor for materials,

which from the standpoint of total expenditures may create the impres-

sion that adequate maintenance has been provided. Consistent and well-

balanced maintenance, however, ultimately requires a proper relation of
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expenditures on the various units of a property for the production of

transportation and this relation will be reflected by performances over a

period sufficiently extended to include the cycle of major material re-

newals. The average performance of a railway during such a period will

ordinarily be representative of its normal maintenance requirements under

local traffic and other conditions.

Proper allowances for maintenance expenses due to increased use

and increased property represented by increased investment necessitate

and depend upon the establishment of the normal maintenance require-

ment of the property. In the opinion of the Committee, normal require-

ments may be readily developed from studies of performances during

the three years ended June 30, 1917, because there is perhaps no period

for which the railways have more complete analyses of their requirements

and expenditures. It is believed that in most cases these performances

were found to approximate normal requirements or that sufficient data

were obtained from which performances may easily be normalized in

respect to aggregate expenses as well as expenses in the individual

accounts.

Maintenance of a property is composed of properly related material

and labor units ultimately expressed in total money expenditures. The
normal requirement or expenditure established for any base period is

therefore subject to adjustment for differences in the cost levels of the

base period and the period in which performances are to be compared.

Data and bases for such cost adjustments are available from the studies

made by all railways of their performances during the three years ended

June 30, 1917.

A complete solution of the problem assigned the Committee therefore

involves the following procedures

:

(A) Establish a Base Period of normal maintenance expendi-
tures for the property.

(B) Develop factors for and adjust Base Period expenditures
to cost levels of the Comparison Period.

(C) Develop factors for differences in the amount of property
to be maintained in the Base and Comparison Periods.
Application of these factors to "Item B" (Base Period
Expense adjusted for Cost) gives the maintenance allow-
ance for Comparison Period property, but subject to

adjustment for possible differences in use.

(D) Develop factors for difference in use in the Base and
Comparison Periods. Application of these factors to "Item
C" (Base Period Expense adjusted for Cost and Property)
gives the proper maintenance allowance for the Comparison
Period.

Methods for the development of factors and allowances for mainte-

nance expenses due to increased investment and increased use are here-

with presented in Sections I and II, respectively.

Section I—Allowances for Increased Investment.

Increases in investment are the net changes in Capital Account result-

ing from physical changes in a property. Portions of such increases may
be due to acquisitions of lands, to enhanced costs of replacing in kind

existing facilities, and to various other causes which cannot affect or
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augment the maintenance requirements of the property. Other portions

of the increases may represent substitutions of so-called permanent for

temporary structures for the purpose of reducing maintenance and still

other portions cover numerous units of property in no wise similar in

their maintenance requirements. From this it is apparent that Increased

Investment is not a direct or proper measure of increased maintenance

requirements. These requirements can be developed only from considera-

tion of the property units actually represented by increases in investment

in fixed property which for present purposes may be classified as follows

:

(A) Way, -including items chargeable to roadbed and track

accounts.

(B) Structures, including bridges and buildings and the

miscellaneous items not otherwise classified.

(A) Investments—Way.

Way, that is roadbed and track, is responsible for about three-fourths

of the total cost of maintaining fixed property and generally absorbs the

major portion of investments for increases in the railroad plant either

through extensions of road or increases in capacity of existing property.

Changes in the amount and character of Way- represented by increases

in investment are readily measured in track miles. In order to determine

the added maintenance requirement, the different classes of trackage in-

volved should be expressed in terms of equivalent main track by means of

the equated track mile plan. Where the data are available this plan may be

extended to include less important track items and thus tend to develop

more accurate results.

An illustration of the plan with factors sometimes used follows

:

A mile of first main tracl* is given a weight of 1.00

A mile of other main track is given a weight of 0.80

A mile of any other track is given a weight of 0.50

This weighting applied to a concrete example jields the following

:

North and South Railroad

Base Comparison
Period Period

Miles Maintained Miles Miles

(a) First main track 100 110
(b) Other main track 80 90
(c) All other track 30 40

Total 210 240

Base Comparison
Period Period

Equated Miles Maintained Miles Miles

(d) First main track
(Item (a) X 1.00) 100 110

(e) Other main track
(Item (b) X 0.80) 64 72

(f) All other tracks
(Item (c) X 0.50) 15 20

Total 179 202

202
Factor of Increase in Way = 1.13

179
A
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Assuming that the normal expenditures for maintaining Roadbed and

Track or Way at Base Period costs amounted to $237,000, the allowance

for Way to be maintained in the Comparison Period would be $237,000 X
1.13 or $267,810. This allowance, however, is subject to the previously

mentioned adjustments for differences in price levels and in the use made
of the property in the Base and Comparison Periods, which will be more

fully developed in the ensuing discussion.

Indications are that the cost of superintendence varies almost directly

with the equated track miles maintained and it is, therefore, suggested

that charges to this account be included with the costs of maintaining

roadbed and tracks.

(B) Investments—Structures.

The accounts in this general group are of such a nature that a

physical comparison is virtually impossible. As previously stated, the

increase in investment, measured in dollars added to Capital Account,

cannot be used directly as a measure of the changes in the amount and

character of property units to be maintained. The cost of maintaining

a dollar's worth of property can readily be obtained with reasonable

accuracy, but the result obtained by multiplying this unit cost by the

increase in investment is generally so approximate as to be worthless.

This basis might hold on a newly constructed railroad, but has many
disadvantages when applied to the older roads. There are few carriers

whose investment accounts reflect the true cost of the physical property

and virtually no railroad has an accurate division of its investment in

fixed property between the primary accounts. •This is particularly true

in cases where roads have passed through receivership and have been

sold for fixed amounts. Furthermore, the investment accounts generally

do not include any properties which, when constructed, were paid for out

of Operating Expenses or Income. There are also many other analogous

items which make it impossible to use Investment Accounts for the pur-

pose of accurately measuring the difference in amount of propert}^

In view of the foregoing, it is our recommendation that the esti-

mated cost of reproduction new, as indicated in the underlying Engineer-

ing Reports of the Interstate Commerce Commission, prepared in

connection with the Federal Valuation, be used for this purpose in lieu

of the so-called Investment Account. Although the inventories vary

with the valuation dates of respective carriers, these reproduction esti-

mates are in all cases priced as of 1914.

Adjustment must be made for the difference in price level between

1914 and the period of normal maintenance selected as the Base Period,

and reproduction cost of the fixed property maintained as of valuation

date must be adjusted for additions and deletions that occurred between

valuation date and the Base Period. The relationship between the repro-

duction cost of Base Period property and maintenance expenses may then

be determined. Assuming that the cost of labor and material used in

construction will vary from year to year in the same way as labor and

material used in maintenance, this ratio can be used in different periods
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without further adjustment, providing the general character of the prop-

erty does not change materially.

As additions to the properly between the Base Period and the Com-
parison Period will probably not be distributed between buildings, bridges,

signal systems and other classes of structures in the same proportions

as these classes made up the Base Period property, it is advisable to

segregate both the Base Period property and the additions either by the

Interstate Commerce Commission's primary accounts or by groups of

these primary accounts. This segregation is made possible by the fact

that for each primary capital account there is a corresponding maintenance

account.

A complete analysis should be made of all changes—both debits and

credits—in the investment accounts other than roadway and track, between

the Base and Comparison Periods. This analysis will permit eliminating

from investment increases those items having no effect upon maintenance.

It will disclose some installations made for the purpose of reducing main-

tenance and other installations provided for the purpose of facilitating

and yielding net savings in operation, although in many cases materially

augmenting the maintenance requirements. Occasionally these two types

of installations represent a relatively small percentage of the total increase

in investment in an account, or to a certain extent their effects on mainte-

nance will equalize and therefore do not require special treatment. Where

an intensive betterment program is involved, it will be necessary to

segregate these items and to adjust the maintenance necessities on the

basis of the relations between maintenance requirements of the betterments

and of the items which they replace.

Having determined from analyses of increases in the several invest-

ment accounts, those items which should be eliminated because they in-

volve no additional maintenance, and other items which may require

special treatment, factors for increases in maintenance units may be

developed in accordance with the method which follows. It should be

remembered that the revision of charges and credits to capital account

so that the amount used in this computation is the reproduction cost of

the net addition to the property requiring maintenance on approximately

the same scale as the average of the Base Period property is of necessity

somewhat approximate. Refinements not justified by the accuracy of

the original data and of practical methods that have to be followed in

converting investment into maintenance expense should not be used.

In the following example all factors for increases in prices are relative

to the prices of 1914 as 1.00:

Method for Determination of Factors for Increase in Maintenance

Units Represented by Increases in Investment in Structures'

Accounts.
Acct.

Item Bridges

1. Engineering report, estimated reproduction cost of property as

of valuation date (say 1916) at 1914 prices $400,000
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Acct.

Item Bridges

2. Factor for increase in prices 1914 to base perioa .... 1.21

3. Reproduction cost of 1916 property at base period prices

(1) X (2) 484,000

4. Added investment 1916 to base period 20,000

5. Average factor for increase in prices 1916 to base period

:

1916 factor 1.10; base period factor 1.21. Factor for increase

1.21/1.10 or 1.10 whence average factor over period in which
investment is being increased is 1.05

6. Added investment 1916 to base period equated to base period

prices (4) X (5) 21,000

7. Reproduction cost of average amount of property maintained
during base period at base period prices (3) plus (6) 505,000

8. Base period maintenance expense 10,100

9. Maintenance ratio (8) divided by (7) _.
0.02

10. Added investment, base period to comparison period 85,000

11. Portion of (10) which investigation indicates does not reflect

additional maintenance requirements 25,600

12. Portion of (10) involving additional maintenance (10) — (11) 59,400

13. Average factor for increase in prices base period to com-
parison period: Base period factor -1.21, comparison period

factor 2.06, factor for increase 2.06/1.21 or 1.70 whence
average factor during investment increases is 1.35

14. Added investment involving added maintenance base period

to comparison period dequated to base period prices, (12)

divided by (13) 44,000

15. Factor for increase in property involving maintenance in

comparison period: (14) divided by (7), plus 1.00 1.087

If desired, the estimated cost of maintaining the addi-

tional property may be developed as follows

:

16. Estimated cost of maintaining additional property at base

period prices (14) X (9) 880

17. Estimated cost of maintaining additional property at com-
parison period prices (16) X 1-70 1,496

18. Estimated cost of maintaining base period property at com-
parison period prices (8) X 1-70 17,170

19. Estimated cost of maintaining comparison period property at

comparison period prices (17) plus (18) 18,666

Item No. 19 is subject to previously mentioned adjustment for dififer-

ence in use, which will be further developed in the ensuing discussion.

In the event that the interval between the Base and Comparison

Periods includes several years in which there were marked fluctuations in

price levels or in the amount of the increases in investment, it may be

found advisable to treat each year separately. That is, instead of using

a simple average price factor for the entire term, the net increase in

investment in each year should be dequated to Base Period levels.

General.

It is assumed that the railroad under consideration has had a reason-

ably uniform growth during the years covered by this computation and

for a considerable period prior thereto. Additions to the property this

year will probably require little maintenance for many years to come;

on the other hand additions made ten or fifteen years ago may require

more than the average amount of maintenance in the current year. If

the growth of the property has been reasonably uniform, as assumed.
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these extreme conditions will produce an average that can be computed

with reasonable accuracy by the methods indicated.

If the growth of the properly has been small and distributed between

roadbed and track and the different classes of structures with reasonable

uniformity, a sufficiently close approximation of the allowance for in-

creased investment may be obtained by using the equated track mile as

the measure of all fixed property. This method is illustrated in

Exhibit B.

Section II—Allowances for Increased Use.

It is well recognized that the cost of maintenance of way and struc-

tures becomes greater with increased use of or traffic handled over a

railwa}^ and that the converse also is true. While responses to increased

requirements are rarely immediate, nevertheless the relation between traffic

handled and maintenance costs is reasonably constant, if examined over

a sufficient term of years. Extended analj'ses of the performances of

numerous representative railways confirm this conclusion, but show that,

unlike transportation expense, which varies almost directly, maintenance

expense varies at a very much less rate than changes in traffic density.

The relation of use and maintenance expense is incapable of exact

determination, but can be approximated within limits sufficiently accurate

for practical purposes in studying properties as a whole. This may be

accomplished by a method based upon a segregation of the maintenance

necessitated by the existence of the property and the use made of it. The
principles of this method, in some more or less complete form, have

previously been used in comparisons of properties, or past performances.

This method was thoroughl}' tested out in the subsequent analyses of

maintenance performances during the period of Federal Control.

A consideration of this method requires discussion of

:

(A) The "Use" Unit.
(B) The Influence of "Use" on Maintenance Accounts.
(C) The Maintenance Unit.

(D) Solution of the Problem.

These sub-divisions are here briefly outlined:

(A) The "Use" Unit.

In general, every railroad produces transportation units in the two

quite distinct classes of freight and passenger service. Since no common
transportation unit can adequately cover both, it is necessary to combine

and measure the effect through a suitable equated unit.

The "Use" Unit should be related in some definite way to the two
classes of traffic, which are in general distinguished by the two principal

characteristics of weight and speed, which directly influence maintenance

requirements. The following transportation units, train miles, engine

miles, net ton miles, gross ton miles, car miles, engine ton miles, and

locomotive tractive power miles, have been used to a greater or less

extent as measures of use, but these are inadequate because they are

singly not sufficiently inclusive to cover the normal variations in traffic.
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Every ton of locomotives, cars, and their contained loads, makes an

impression in some quite distinct manner upon the physical property over

which it is moved. It is an acknowledged fact that a ton of locomotive

passing has a relatively greater effect than a ton of cars ; and likewise

the greater the speed of locomotives and cars, the greater the destructive

effect. Freight service and passenger service are distinguished by a dif-

ference in average speed of movement. There are, of course, portions of

each service which approach each other in characteristics of weight and

speed ; nevertheless these two are, in general average, separated by dif-

ferences in speed.

There seems to be good reason for selecting the freight gross ton as

the basis in the equation scheme on account of its general availability, its

relatively large proportion of the weight element on most railroads, and

the further general similarity of gross tons. Gross tons of freight cars

are, therefore, taken as unity; freight-locomotive-tons are given a factor

of two ;
passenger-locomotive-tons a factor of three ; and passenger-car-

tons, a factor of one. The factor of one for passenger-car-tons is in

recognition of the fact that higher standards of equipment construction,

and the better maintenance of passenger equipment over that of the

freight cars, tends to mitigate the damage resulting from a higher speed,

as well as the special requirements demanded thereby.

Passenger service requires,, or at least dictates, a higher standard of

maintenance than is required for exclusive freight service. This in turn

necessitates more immediate reparation in wear and tear. The existence

of a higher standard automatically operates to reduce the wear and tear

from the co-existent freight service. Various attempts have been made,

without convincing success, to measure the actual difference in repara-

tion attributable to freight and passenger service. The difficulties of

measurement are due to the limitations of accounting records, and the

long interval of time required to include the cycles of major material

renewals, as well as the determination of relative maintenance standards.

Trials which have been made from time to time on various typical

railroads indicate that the allocation of "use" units as between freight

and passenger service, based on the equated plan outlined, over any con-

siderable period, seem to give a reasonable expression of the maintenance

that should be charged against these two services, at least within limits of

accuracy consistent with the practical application of such a method, and

the confirmation of the best maintenance judgment available for these

properties. It is recognized, of course, that there are some outstanding

exceptions such as properties on which the performance of fast freight

movement is high, or is increasing out of proportion to the other tonnage

movement. These cases require a special treatment in accord with the

principles suggested.
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(B) The Influence of "Use" on Different Maintenance Accounts.

There are three classifications of accounts in their relation to "use"

:

(1) Those varying directly with use,

(2) Those var3'ing independent of use,

(3) Those vaiying with combined effect of use and other
agencies such as weather stress.

The effect of "use" on (1) is absolute, on (2) is zero, and on (3) is

fairly determinable by a study of data checked by experienced main-

tenance judgment.

The influence of "use" on primary accounts may be summarized as

follows

:

(201) Superintendence.—This account is affected in about the same
degree as the supervised labor in the other accounts.

(212) Ties.—This account is affected in a degree varying with the
density of traffic. In light traffic situations, the effect may be zero, due
to the decay life being the limiting feature; whereas under heavy traffic

and trj'ing locations, such as curvature, grades, etc., the effect will be
great. It is recognized that the mechanical action of passing wheel loads
tends to hasten the decay of ties; in the case of light traffic lines, this

influence may not materialize to shorten appreciably the life of the tie,

while under heavy traffic conditions the mechanical wear is the determin-
ing factor in tie life. The relative effects may be materially varied by a
change in the practice of protecting the tie against mechanical wear.
Different percentages varying with the characteristics of the location, or
road under consideration, should be ascribed to this account.

(214) Rail.—Except in special cases, weather stress is negligible,

making the account directly affected by traffic. Substantial increases in

wheel loads affect the useful life of rail, but this is a special element in

the difference of use.

(216) Other Track Material.—Weather stress has such a slight

effect on this item that the account may be treated in the same manner
as rail.

(218) Ballast.—The degree to which traffic affects this account varies

with the depth and quality of ballast, density and character of traffic,

and the quality of subgrade. Outside influences, such as foreign material
blown in (not dropped from equipment), subsequent plant growth, foul-

ing due to imperfect ditching, slides, etc., are not directly attributable to

traffic. The traffic effect is by far the controlling item in this account.

(202) Roadway Maintenance.—This account is but slightly affected

by use. In some cases where the data are sufficiently complete, it may be
desirable to place values on certain sub-divisions of this account. In
any event the influence of use cannot be large.

(220) Tracklaying and Surfacing.—This is the largest and most
important account, and the one which is most immediately responsive to

fluctuations in traffic. This account carries the labor items for the im-
portant material accounts such as rail, ties, ballast, and other track
material; consequently that labor is affected liy traffic in the same degree
as the corresponding material. The largest item in this account is "track
maintenance," which is closely related to traffic influences. In the case of
roads with light or moderate traffic density and corresponding roadway
standards, increases in traffic make themselves immediately evident and
require more prompt liquidation in the expenditures for labor to restore
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condition of line, surface, etc., than on roads of higher standards where
the damage may be largely accrued. Wherever there has been a tem-
porary lowering of physical standard due to deferred application of ma-
terial, a compensation must be made, at least temporarily, by larger expen-
ditures for labor than Avould otherwise be normal in the effort to

maintain a reasonable standard of line and surface.

(221

)

Right-of-Way Fences
(223) Snow and Sand Fences, and Snow Sheds.
(225) Crossings and Signs
( 272) Removing Snow, Ice and Sand
(269) Roadway Machines

Effect of use
negligible

(271) Small Tools and Supplies.—This account is related to the
labor items in maintenance, so that it is, to some degree, affected by
increases in traffic.

(208) Bridges, Trestles and Culverts.—This account is affected by
traffic depending largely on the character of the structures. As a whole,
the degree of effect is not very large.

(206) Tunnels and Subways
(210) Elevated Structures
(227) Station and Office Buildings.
(229) Roadway Buildings
(237) Grain Elevators
(239) Storage Warehouses
(241) Wharves and Docks
(243) Coal and Ore Wharves
(245) Gas Producing Plants
(253) Power Plant Buildings
(255) Power Substation Buildings..
(265) Miscellaneous Structures

These accounts are
slightly affected.

but

(231) Water Stations
(233) Fuel Stations .

These are affected to a moderate degree,

varying also with the character of the

structure.

(204) Underground Power Tubes
(251) Power Plant Dams, Canals and

Pipe Lines
(257) Power Transmission Systems ...

(259) Power Distribution Systems
(261) Power Line Poles and Fixtures..
(263) Underground Conduits

These are so slightly

affected, if at all, that

they may be disre-

garded. Special cases

can readily be dis-

closed by the data.

(247) Telegraph and Telephone Lines.-—This account is so slightly

affected that it may be disregarded.

(249) Signals and Interlockers.—This account is obviously affected

by traffic.

(§3) KllESSMENTS--FOR-puBLicl
Th-e a-notaffected to a degree

Improvements
to warrant consideration.

(274) Injuries to Persons..
(275) Insurance

Affected by increases in volume of
business necessitating increases in

labor, also by increases in the fre-

quency of trains, which create

greater probabilities of accidents.
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(302) Shop Machinery
(304) Power Plant Machin-

ery
(306) Power Sub-Station'

Apparatus ,

These arc Maintenance of Equipment
accounts which, on account of their

somewhat fixed character, are some-
times considered analogous to, and
included with, M. VV. & S. expendi-
ture comparisons. They may be in-

cluded or eliminated to suit the cir-

cumstances of each case. These ac-

counts are influenced by the amount
of work done in the shopping of
locomotives and equipment which in

turn have been affected by traffic.

Each of the above primary accounts includes the appropriate deprecia-

tion accounts.

As an illustration of the general application of this method resort is

had to the use of readily available I. C. C. records of M. W. & S. expenses

for all Class I railways for the three-year period ending June 30, 1917.

In the following table. Col. (3) gives the percentage which each account

is of the Avhole M. W. & S. expenditures. In Column (4) is outlined the

percentage which each account is affected by "Use." These percentages

are average values, consistent with average conditions and performances

of all the railways embraced by the statement. These percentages may
be varied to suit the circumstances of each particular problem.

The results derived from the application of this method and set

forth in the table may be summarized as follows

:

—Way absorbs 72.98 per cent of total M.W.&S. expense and
40.38 per cent of the expense for Way varies directly with traffic

so that of the increase in M.W.&S. expense due to a gain in traffic

Way would account for 0.7298X0.4038 or 29.47 per cent.

—33.13 per cent of total M.W.&S. expense varies directly with
use so that a gain of 100 per cent in use would result in a poten-

tial maintenance expense increase of 33.13 per cent or only slightly

more than involved by Way only.

Maintenance of Way and
Structure Accounts

(1) (2)
1. Superintendence 201

2. Ties 212
3. Rails 214
4. Other Track Material 216
5. Ballast 218
6. Roadway Maintenance 202
7. Tracklaying and Surfacing 220
8. Roadway Fences 221

9. Snow, Sand Fences, etc 223

10. Crossings and Signs 225
11. Roadway Machines 269
12. Small Tools and Supplies 271

13. Removing Snow, Ice, etc 272

Sub-Total—Way 72.98 40.38 29.47

Or-
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14. Bridges, Trestles & Culverts.. 208 7.38 10 .74

15. Tunnels and Subways 206 .32 10 .03

16. Elevated Structures 210 .01 ... —
17. Station & Office Buildings 227 3.93

18. Roadway Buildings 229 .53 ... —
19. Water Stations 231 1.31 10 .13

20. Fuel Stations 233 .53 15 .08

21. Shops, Enginehouses 235 2.45 10 .25

22. Grain Elevators 237 .06 ... —
23. Storage Warehouses 239 .01 ... —
24. Wharves and Docks 241 .61 10 .06

25. Coal and Ore Wharves 243 .55 10 .06

26. Gas Power Plants 245 .01

27. Power Plant Buildings 253 .07

28. Power Sub-Station Buildings. . 255 .01 ... —
29. Miscellaneous Structures 265 .01 ... —

Sub-Total—Structures 17.87 7.55 1.35

30. Underground Power Tubes... 204 ....* ... ....

31. Power Pit. Dams & Pipe Lines 251 ....*

32. Power Transmission Systems. 257

33. Power Distribution Systems.. 259
34. Power Line Poles & Fixtures 261

35. Underground Conduits 263

Sub-Total—Power Facilities . .

.

36. Telegraph & Telephone Lines. 247
Zl . Signals & Interlockers 249

Sub-Total—Wire & Signal

Systems

38. Shop Machinery 302
39. Power Plant Machinery 304
40. Power Sub-Station Apparatus. 306

Sub-Total—M. of E. Plant
Maint

41. Paving 267

42. Assessments Public Improvs.. 273

43. Injuries to Persons 274
44. Insurance 275

45. Stationery and Printing 276

46. Other Expenses 277

Sub-Total—Miscellaneous . ...

Totals

(C) The Maintenance Unit.

There must be a maintenance unit related to the use unit for making

comparisons. From the foregoing analysis of Maintenance Accounts it

.03
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is apparent that Way absorbs about 72) per cent of total expense and repre-

sents 29.47/33.13 or 88.95 per cent of the total effect of use on M.W.&S.

expenses so that a track unit would be the most inclusive related property

unit to use.

Maintained mileage will adequately serve the purpose in comparisons

for different periods of time during which there has been no material

change in the relative influence of use as between primary and secondary

tracks. In the event of such changes, a refinement should be introduced

by using the equated track mile plan to express an approximate relation

of maintenance necessity as between different classes of track.

(D) Solution of the Problem.

The segregation of use effect on the individual maintenance accounts

permits the treatment of each in line with special situations which may

vary from the average. Comparisons may be made as outlined for dif-

ferent periods of time for a property as a whole, or sub-divisions of the

same for which comparative data may be available.

This method determines the potential maintenance requirement caused

by a use of the property regardless of whether the same has been met,

so that in making comparisons it is essential to determine normal main-

tenance incident to the peculiar condition of the property by taking into

account any deferment or appreciation of maintenance. It is understood

that in using expenditures for comparison periods, the accounts must be

purged of any unusual adjustment which would prevent their adequately

reflecting maintenance performance.

The several steps in the solution of the problem are

:

(1) Compile separately for the Base and Comparison Periods,

total ton-miles of lading, cars and locomotives passing

over the maintained mileage of the railwa3^

(2) Adjust total ton-miles to equivalent gross ton-miles by
use of the weighting referred to in Section II—A or

Net freight ton-miles X 1

Freight car ton-miles X 1

Passenger car ton-miles X 1

Freight locomotive ton-miles X 2

Passenger locomotive ton-miles X 3

Total equivalent gross ton-miles

(3) Determine equated track mileages maintained separately

for both periods as described in Section I.

(4) Reduce total equivalent gross ton-miles to average density

per equated track mile separately for both periods — (2)

divided by (3).

(5) Develop increase in traffic density from (4).

(6) Set up Base Period M.W.&S. expenses and apply per-

centages of effect of use as indicated in Table of Section

II—B.
(7) Factor for difference in use will be 1.00 plus (per cent

increase in traffic shown by Item No. 5) (per cent effect

found in Item No. 6).

Assuming that the increase in traffic density is 30 per cent and "use

effect" on total M.W.&S. is 33.13 per cent, then the factor for increased

use will be 1.00 plus 0.30X0.3313. or 1.099, that is, the increase in use

has increased the maintenance requirement by 9.9 per cent.
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General.

Analysis of the performances of numerous representative railways

disclosed that in spite of marked difiFerences in the relations of expenses

in primary accounts to total M.W.&S. the "efifect of use" does not ma-

terially differ from the average of 33.13 per cent developed for all Class

I Roads. It is therefore apparent that the application of that per cent

would be reasonably satisfactory under ordinary conditions and obviate

the necessity for the detailed work required for its development on the

individual line.

Conclusion.

Co-ordinated application of principles and methods presented in the

foregoing discussion of the several phases of the problem assigned the

Committee is illustrated by example in Exhibits A and B.

Exhibit A

EXAMPLE SHOWING METHOD OF ESTIMATING MAINTE-
NANCE EXPENSES RESULTING FROM INCREASED

PROPERTY AND INCREASED USE

Assumed Data
Property Maintained

:

Base Comparison
Period Period

Tracks—First main, miles 100 110

Other main, miles 80 90

All other tracks, miles 30 40

Other than Track

:

Bridges—Investment increase over Base Period $ 85,000

Reproduction cost at B. P. prices. . . .$ 505,000

(For complete solution it would be necessary to

set up similar data for all other property
accounts. Bridges used here for illustration

of method.)
Traffic Handled Over Maintained Mileage:

Gross ton-miles of cars and lading. 12,000,000 16,000,000

Gross ton-miles of passenger locomotives 4,000,000 4,800,000

Gross ton-miles of freight locomotives 3,000,000 3,600,000

Maintenance Expenses (Normal) :

Superintendence ' $ 20,000

Ties 54,000

Rail 11,000

Other track material 16,000

Ballast 7,000

Roadway maintenance 38,000

Track laying and surfacing 91,000

Sub-Total—Track $ 237,000

Bridges, Trestles and Culverts 10,100

All other expenses ; which would be set up by
Accounts in complete study $ 103,900

Total M.W.&S. Expense $ 351,000



1.15



926 Economics of Railway Operation

III. Compute Maintenance Allowance for Comparison Periods :
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Appendix G

(7) THE UTILIZATION OF LOCOMOTIVES TO
DETERMINE

(a) The percentage of time they should be able to

perform actual transportation.

(b) Methods of obtaining maximum efficiency while

so available.

J. M. Farrin, Chairman, Sub-Committee ; G. D. Brooke, F. W. Brown,

J. W. Burt, E. J. Correll, E. T. Howson, B. O. Johnson, E. E. Kim-
ball, A. H. Ostberg, L. S. Rose.

The Sub-Committee held one special meeting at which it was decided

to study (a) the percentage of time they should be able to perform

actual transportation.

A form was prepared, copy of which is attached herewith, and sent to

the members of the Sub-Committee to be filled out from results of a

30-day study on the railroads represented. The form as sent out showed
in detail the time each locomotive was utilized in each of its operations.

Five replies have been received and the Sub-Committee is now in

position to send it to other railroads in order to get more average

results before conclusions are drawn.

The Sub-Committee therefore reports progress with the suggestion

that the subject be continued for another j^ear.

Locomotive Utilization

TIME STUDY DIAGRAM

Locomotive

.

Working Time
Producing Revenue'
Useful

Idle Time
Ix>sing Money
Wasteful

Actual Running Time
Meeting Trains
Coal and Water
Station Work
Signals
Accidents, Washouts, etc.

Failures, Engine
Failures, Cars
Weather Conditions
All other Delays
Total Lapsed Timc=Crew Time

Terminal Time
Transportation

Terminal Time
Mechanical

[Held out of Yard
Inbound I Delay in Yard

[Lapsed Time

Reported O. K.
Eng. Crew Called
Eng. Ar. Disp. Yard
Testing Air

Outbound
-I
Switching and Bad Orders
Doubling Over
Wa ting on Train
Waiting on Bills

Time Cleared Yards
Total Lapsed Time

Inspection Pit—Ar. Time
Cinder Pit—Ar. Time
Wash Pit—Ar. Timv
Turntable—Ar. Time
Engine House—Ar. Time

I
Ready—Reportetl O. K.
[Total Lapsed Time





REPORT OF COMMITTEE XXII—ECONOMICS OF
RAILWAY LABOR

C. C. Cook, Chairman; W. H. Penfield, Vice-Chairman;
Lem Adams, Col. F. G. Jonah,
M. H. Beard, J. D. Keiley,

A. F. Blaess, J. W. Kern, Jr.,

A. S. BUTTERWORTH, M. F. LoNGWILL,
H. A. Cassil, J. B. Mabile,

A. Craine, W. a. Murray,
G. C. B. Dunn, R. L. Pearson,

John Evans, A. N. Reece,

T. L. Haugh, R. L. Schmid,
E. T. HowsoN, F. M. Thomson,
C. E. Johnston, R. C. White,

Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects

:

1. Standard methods of performing maintenance of way work and

establishment of units of measure of work performed.

2. Methods of programming maintenance of way work looking to

the most economical application of labor.

Action Recommended

1. That Appendix A, relating to standard methods of performing

v^ork and establishment of units of measure of work per-

formed, be received as information.

2. That the conclusions of Appendix B, relating to methods of pro-

gramming maintenance of way work looking to the most

economical application of labor, be approved for publication in

the Manual.

Recommendations for Future Work

Study and report on

:

1. Extent to which it is practical to stabilize maintenance of way
employment in the interest of efficiency, and measures neces-

sary thereto.

2. Methods of maintaining motor cars.

3. Economy in use of labor saving devices.

4. Educating and training maintenance of way employees.

Respectfully submitted,

The Committee on Economics of Railway Labor,

C. C. Cook, Chairman.

929

Bulletin 275, March, 1925.
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Appendix A

(I) STANDARD METHODS FOR PERFORMING MAINTEN-
ANCE OF WAY WORK AND ESTABLISHMENT OF UNITS
OF MEASURE OF WORK PERFORMED.

A, N. Reece, Chairman, Sub-Committee; Col. F. G. Jonah, R. L. Pearson,

John Evans, G. C. B. Dunn, J. W. Kern, Jr., M. H. Beard, J. D.

Keiley, M. F. Longwill.

The American Railway Engineering Association first made assign-

ment to the Committee in 1920 of the subject of "Standard Methods of

Performing Maintenance of Way Work for the Purpose of Establishing

Units of Measure of Work Performed." The first report made by this

Committee was published in the Proceedings of 1922.

The report of this Committee for the year 1922 embodied standard

plans for studying methods of performing maintenance of way work
based on the fundamental principles of good management.

The 1922 recommendations of this Committee were adopted by the

Association and published in the 1922 Supplement to the 1921 Manual.

The main features of the plan recommended are given below

:

(1) Standard methods and time schedules for each item
of work.

(2) Instructions to foremen to enable them to submit accu-
rate reports of performance.

(3) Closer supervision by means of planning and dispatch-
ing the work in advance.

(4) Sample forms for the notation of records and per-
formance for comparison of results.

Taking up these various features and summarizing them in order:

(1) STAN'DiARD METHODS AND SCHEDULES

Standard schedules, or units of performance, should be established

with great care, as it is essential that they be correct and that the organ-

ization of the gang and method of doing the work are the best that can

be worked out.

The standard performance, or 100 per cent efficiency, is the output

of a first-class gang working at a speed which can be continuously main-

tained without physical harm to the men, following an approved method
of doing the work and consisting of the most effective number of men
for the kind of work to be done.

To arrive at the 100 per cent standard, first-class gangs are to be

selected and detail time studies made of the performance, the time studies

being divided into as many moves and as much detail as possible in

order that the various studies may be compared in detail and a standard

method worked out which will eliminate all unnecessary moves. If it

appears that an improvement can be made, the organization of the gang
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and the method of doing the work should be altered and new studies

made. When the most satisfactory organization and method has been

found, a final detail study is made of the performance of the gang, and

this is established as 100 per cent efficiency and issued as a standard

schedule. In this way schedules may be established for all of the more

important items of maintenance work.

(2) INSTRUCTIONS TO FOREMEN

To form an accurate comparison of the performance of the various

gangs, uniformity in the reports submitted by the foremen is necessary.

Owing to the difficulty some foremen have in making reports, it is desir-

able to have all forms used by them as simple as possible.

A daily report by the foreman of time spent and the work done by

each gang is necessary. Where there is in use a form of daily time

report, it can readily be made suitable for this purpose.

Tt is, however, necessary that the distribution shown on the daily

time report be made with care so that each item of work can be correctly

graded. To secure this result detail instructions governing the distribu-

tion and reporting of the time charges are required.

(3) PLANNING AND DISPATCHING

To outline the order of the work and to assign it to the gangs to

follow in sequence in order to reduce the loss of time consumed by the

unnecessary movement of gangs from place to place, a system of plan-

ning and dispatching is needed.

Early in the year the program of work for the season should be

decided upon and charted on a planning sheet, the proposed work being

shown in yellow. Thereafter, as the work progresses, monthly planning

sheets are prepared ; the completed work being shown in green and the

monthly progress in red.

(4) FORMS AND REPORTS

For the purpose of recording the performance of the gangs, two

forms are used : one a Daily Record of Track Work Performance, the

other a Monthly Record of Track Work Efficiency.

The result of each day's work as sent in by each foreman on the

Daily Time Report is posted on the Daily Record Sheet, and the effi-

ciency per cent of the day computed. At the close of the month the

Monthly Record of Track Work Efficiency is compiled from the totals

of the Daily Record. The Monthly Record is a detailed and accurate

record of the actual performance of every gang as compared with the

standard performance. The "standard" divided by the "actual" gives

the efficiency per cent.



932 Economics of Railway Labor

(5) FORCE DISTRIBUTION

Incidental to standard methods in Maintenance of Way Work is the

feature which will provide for an equitable distribution of the available

track force to the various sections. A procedure which the Committee
suggests for consideration is the reduction of all features of track to the

equivalent of one mile of first main track. A table of values, derived

from actual cost extending over a period of years, for a main line

division which was the subject of special study, follows

:

One mile of first main track equivalent to

:

1.15 miles of second main track.

1.33 miles of third or fourth main track.

2.00 miles of branch line track.

2.00 miles of passing and thoroughfare track.

3.33 miles of yard tracks

—

12 main line switches. ,

20 side track switches.

10 railroad crossings.

12 city street crossings.

25 to 50 country road crossings.

Yi mile of track pans.

4 miles of ditches.

For the purpose of elasticity in use of the above form to meet the

changing conditions of various elements of the track it is suggested that

the condition of the main elements per section be stated monthly, and a

"Condition per cent" of the whole section determined. This result applied

to the equivalent mileage gives the equated mileage for the section. The
ratio of the equated mileage of the section to the total equated mileage

of the division determines the number of men to be allotted to that sec-

tion from the total number of men allotted the division.

This force distribution plan is a product of the application of stand-

ard methods and schedules and is a development of the methodical direc-

tion and measurement of track work. It is described herein simply to

indicate the form in which it may be developed.

Further details of the plan, with exhibits showing the forms of

reports and statements recommended, are given in the 1922 Proceedings

and the 1922 Supplement to the 1921 Manual.

Since the first comprehensive report of the Committee, the subject

has been reassigned with the object of the Committee paving the way
for the application of these principles by having detailed time studies

made on various maintenance of way operations, especially the renewal

of cross-ties, renewal of rail out of face, the application of ballast, and

other similar operations.

In the year 1923 the Committee prosecuted the work further and

recommended that two of the major track work items—renewing cross-

ties and renewal of rail out of face—be given an exhaustive study.

The report for that year told of the use of the plan outlined in the

Proceedings for 1922, summarized above, by one of the large carriers of
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the Middle West who felt the need of arriving at some unit of measure

for measuring the various classes of work performed in the Maintenance

of Way Department. This carrier directed each of their divisions to

determine by actual test the amount of work of various classes which

could be performed per man-hour. This unit was established by select-

ing a first-class gang on each division, and arriving at a unit for per-

forming the various classes of work by keeping an accurate record of

the time spent on each class of work.

After the establishment of such a unit, and in order to successfully

carry out a scheme of this kind, each Supervisor was instructed to allo-

cate his work as between the different foremen at the beginning of each

month, and also carefully plan the work of each foreman, and after the

amount of each class of work was allocated he was allowed a specified

number of man-hours for doing each kind of work. The foreman was

required to keep a record each day on form properly drawn up of the

amount of work done and the hours consumed in performing it ; at the

end of the month total monthly performance and average for the month

was worked up for the division as a whole. This carrier experienced

the anticipated objections by a number of the foremen to the added

clerical work required of them, but states they had no real difficulty in

getting the majority of their men properly lined up.

The Committee's report of 1924 continued the studies along the lines

recommended in the report of 1922 and embraced several detailed time

studies on renewing cross-ties and rail, and statistical data on the cost

of various items of track work. In this report several methods of per-

forming cross-tie and rail renewals were evolved and a substantial step

was made toward the selection of standard methods of performance and

units of measure therefor.

During the present year the Committee has endeavored to concen-

trate on detailed time studies of cross-tie renewals and rail renewals

out of face, for the express purpose of making recommendations of the

best methods of performing these two major operations in track work,

looking toward the establishment of units of measure of the work
performed.

In continuing the work, the Committee has included in this report

detailed time studies of renewing cross-ties, renewing rail out of face,

the application of ballast, and statistical and cost data on various items

of track work, giving particular attention to the two first-named.

The report for this year consists of four groups of exhibits:

Group "A"—Renewal of Cross-Ties.
Group "B"—Renewal of Rail Out-of-Face.
Group "C"—Hand Ditching.

Group "D"—^Other Track Work Items (including renew-
ing and cleaning ballast, and statistical cost

data nf various maintenance of way opera-
tions).

It is felt that with the numlJer of studies which this Committee has

compiled and which have been published in the Proceedings for 1924, in
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addition to those attached to this report, that any carrier desiring to

adopt the preparation of time studies combined with force diagrams and
to derive unit costs for the performance of the various items of main-
tenance of way work, can readily do so by following the detail of meth-
ods for making time studies as adopted in the 1922 Supplement to the

Manual for 1921 and covered by the Proceedings for 1922.

In the matter of quality and economy in maintenance work, it is

felt the best results can be obtained through the incentive of competition

by, first, the preparation of time studies in gang organization and of

cost data to be discussed at foremen's meetings; second, by the publish-

ing of this information in railway maintenance of way bulletins and
magazines; and, third, by the awarding of bonuses or prizes to foremen
producing the best or most economical results.

Conclusions

It is the conclusion of the Committee that, with the forms and prin-

ciples adopted and published in the 1922 Supplement to the 1921 Manual
and as contained in the Proceedings of 1922, in combination with the

various studies published in the 1924 Proceedings and those attached to

this Committee's report, it has demonstrated conclusively the practic-

ability of these principles, which should enable any carrier to prepare

the necessary data for comparison of work between gangs, Supervisors*

districts or divisions, and by the use of the form suggested in compiling

cost data on various items of maintenance of way work that the cost of

this work or different items of work, between different Supervisors' dis-

tricts or divisions, may be readily compared, and that these results may
be compared with results of similar work on different railroads as the

occasion may warrant, and that the relative quality and economy of the

work can only be compared on such items of work where the conditions

may be compared or the quality judged by inspection.

The above conclusions are reached due to the wide diversity in con-

ditions and the varying practices of different carriers, and the necessity

of following different practices in various parts of the country. It is

not felt to be practical for the Committee to attempt to establish for

general application standards of performance for each item of work.

The Committee has submitted certain principles supplemented by certain

detail, which we feel are flexible enough for application to any condi-

tion of work or size of force.
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ROAD "N" Exhibit No. A.-

RENEWING CROSS-TIES
Conditions.

Four track, inside track.

Track not raised.

Stone ballast very dirty.

Cribs two-thirds full.

No. 1 creosoted ties.

Tangent track.

Tie plated.

Screw spikes removed.

Organization.

0/d tiespifedfor
burninc/ /5or/ess

Current
oftraffic

<?
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Schedule.

RENEWING CROSS-TIES

Time Distribution—Minutes Per Tie

Oper-
ation Minutes
No. Operation per Tie

1 Cribbing out 30
2 'Drawing spikes 3
3 Removing old tie 2

4 Preparing new bed 10

5 (Omitted account ties being accurately placed by work train)

6 Placing new tie 3

7 Applying two tie plates 1

8 Driving four spikes 2

9 Tamping 16

10 Replacing and redressing ballast. 4
11 Carrying old tie and piling for burning 1

Foreman's time 11.1% 8

80

Standard performance hours per tie, cribs two-thirds full.. 1.333

Average Performance.

Nine men and 8 hours 72 man-hours paid

Schedule 1-333 hours per tie

Detention.

Going to and from work and clearing track for passing trains 13.5

hours or 18.8 per cent of paid hours.

Actual hours renewing ties—72 X .812 = 58.5 hours.
_

Standard performance per day—58.5 + 1.333 = 44 ties.

Average performance per day—44 X.818 = 36 ties.

ROAD "N" Exhibit No. A-2

RENEWING CROSS-TIES
Conditions.

Single track.

Track not raised.

Gravel ballast.

Cribs two-thirds full.

No. 2 creosoted ties.

Tangent track.

No tie plates.
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Organization.

otdtiespiled

for burning

Current

of traffic

Mar/(s f/eJ. jupery/jei
^rd/re/pj where
^needed.

Number
of Men

5 Force
1 Men work in pairs completing full operation as de-
— tailed in method.

... 6

fyidcx

Letter

A
X

Total

Method.

The ties have previously been distributed by the work train and the

foreman marks the Ties to be renewed so that the distribution will not

have to be changed much. The men work in pairs, each pair completing
the installation of one tie before moving to the next. The tie is cribbed
out by one man who goes ahead and the remaining two pairs complete
the tie installation. The spikes are removed and the tie knocked side-

wise in the crib and removed. The new bed is prepared and the new
tie pulled into place. One man bars the tie up into place, while the other
does the initial tamping. The tamping is then completed by both men,
spikes driven and the ballast replaced and redressed. At the end of the

day the old ties are collected and piled for burning.

Schedule.
RENEWING CROSS-TIES

TiiiE Distribution—Minutes Per Tie
Oper-
ation Minutes
No. Operation per Tie

1 Cribbing out 13

2 Drawing spikes 3

3 Removing old tie

4 Preparing new bed
5 (Omitted account ties being accurately placed by work train)

6 Placing new tie

7 Applying two tie plates'

8 Driving four spikes 3

9 Tamping 11

10 Replacing and redressing ballast 3
11 Carrying old tie and piling for burning 1

Foreman's time 16.7% 7

Standard schedule hours per tie, cribs -A full.

48
.80
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Average Performance.

6 men 8 hours 48 man-hours
Schedule 80 hours per tie

Detention.

Going to and from work and clearing track for passing trains 6
hours or 12J/2 per cent of paid hours.

Actual hours renewing ties—48 X .87^^ = 42 hours.
Standard performance per day—42 -^ .80 = 52.5 ties.

Average performance per day—52.5 X .933 = 49 ties.

RENEWING CROSS-TIES
ROAD "N"

Conditions.

Two track.

Track not raised.

Stone ballast requiring cleaning.

Cribs two-thirds full.

No. 1 creosoted ties.

Tangent track.

Tie plated.

Organization.

Exhibit No. A-3

Currenf
oftraff/c

M fiejpi/edup
fortuminsf-
15 or /eJJ

^ Marks fiej.jupermes

\ ^and/?e/pj where needed

Index Number
Letter of Men
A 8 Force
X 1 Men work in pairs completing full operation as— detailed in method.
Total 9
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Method.

The foreman marks the ties to be renewed while the men distribute
the ties from piles with the push car. The men work in pairs, each pair
completing the installation of one tie before moving to the next. The
tie is cribbed out on one side and the spikes are drawn, then the tie is

knocked sidewise in the crib and pulled out. The new bed is prepared
and the new tie pulled in. The dirt is sifted out of the ballast and the
clean ballast tamped about the tie. One man applies the tie plate and
bars the tie into place until the initial tamping is finished and then both
men thoroughly tamp the tie. The spikes are now driven and the ballast

replaced and redressed. At the end of the day the old ties are collected
and piled for burning.

RENEWING CROSS-TIES
Schedule.

Time Distribution—Minutes Per Tie
Opera-
tion Minutes
No. Operation perTie
1 Cribbing out 26
2 Drawing spikes 3
3 Removing old tie 3
4 Preparing new bed 6
5 Carrying tie to place 1

6 Placing new tie 4
7 Applying two tie plates 2
8 Driving four spikes 3
9 Tamping 20
10 Replacing and redressing ballast 5
11 Carrying old tie and piling for burning 1

Foreman's time 11.1% 8

82

Total minutes for one tie, cribs 2/3 full, minutes 82
Standard schedule hours per tie, hours 1.37

Average Performance.

Nine men 8 hours 72 man-hours
Schedule 1.37 hours per tie

Detention.

Going to and from work and clearing track for passing trains 12

hours or 16.7% of paid hours.

Actual hours renewing ties, 72 X .833 = 60 hours.
Standard performance per day, 60 -^ 1.37 = 43.8 ties.

Average performance per day, 43.8 X .913 = 40 ties.

ROAD "C" Exhibit No. A-4
RENEWING CROSS-TIES

Conditions.

Single track.

Track not raised.

Chat ballast.

Cribs full.

Ballast does not require cleaning.
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Organization.

O/dfiejpi/ecf/or
burning /Sorkjs

Current
oftraffu

X = Old ties to be removed.

Index Number
Letter of Men
A 3 Force
X 1 Men work in pairs completing full operation of— tie renewal as detailed in method.

.. 4Total . .

.

Method.

After reaching the place where the ties are to be renewed, enough
ties are trucked from pile for the day's work and distributed where they
are to be placed in the track.

After the spikes have been pulled from the tie that is to be renewed,
a hole is dug between that tie and the one next to it and below the

bottom of the tie that is to be taken out. The old tie is knocked into

this hole with the spike maul, pulled out of track with pick, and the new
tie is pulled into place with tongs, after which the ballast is replaced

and dressed up.

The old ties that have been removed are piled for burning.

Schedule.

Time Distribution—Minutes Per Tie
Opera-
tion Minutes
No. Operation per Tie
1 Cribbing out 6.12

2 Drawing spikes 68
3 Removing old tie 54
4 Preparing new bed 1.14

5 Carrying tie to place 2.39

6 Placing new tie 89
7 Applying new tie plates 68
8 Driving four spikes 3.75

9 Tamping 5.79

10 Replacing and dressing ballast 6.82

11 Carrying old tie and piHng for burning 1.02

Foreman 9.9

Total minutes for one tie, cribs full 39.72

Actual man-hours per tie 66
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Average Performance.

4 men working 8 hours per day 32 hours
Man-hours per tie 0.66

Detention.

Going to and from work and clearing track for passing
trains 2.833 hours

Actual hours renewing cross-ties 29.167 hours

Average Performance Per Day.

29.167
= 44 ties.

.66

ROAD "C"

RENEWING CROSS-TIES
Conditions.

Single track.

Track not raised.

Gravel ballast.

Cribs full.

Ballast does not require cleaning.

Organization.

Exhibit No. A-4-a

Old tiespiledfor

burning /5orless

(A)

ii
II

Currerjf

oftraffic

^
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bottom of the tie that is to be taken out. The old tie is knocked into

this hole with spike maul, pulled out of the track with pick and the new
tie is pulled into place with tongs, after which the ballast is replaced

and dressed up.

The old ties that have been removed are piled up for burning.

1. Cribbing Out. ^.^^^^^

6 men—113 minutes 678

6 men—160 minutes 960

6 men—ISO minutes 900

2538

2538
= 846 minutes

3

2. Drawing Spikes.
^.^^^^^

1 man— 70 minutes 70

1 man— 92 minutes 92

1 man— 80 minutes 80

242

242—= 80.6 minutes
3

3. Removing Old Ties. ,,. ^

Minutes
2 men— 60 minutes 120

2 men— 70 minutes ' 140

2 men—130 minutes 260

520

520— = 173.3 minutes
3 5

4. Preparing New Bed. . w- .
Minutes

6 men—110 minutes 660

4 men— 60 minutes 240

6 men— 90 minutes 540

1440

1440
= 480 minutes

3

5. Carrying Ties to Place.
Minutes

4 men— 30 minutes 120

4 men— 30 minutes 120

4 men— 30 minutes 120

360

360—= 120 minutes
3 ..,.,. i
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6. Placing New Ties. ,-. ^

Minutes
6 men— 60 minutes 360

6 men— 70 minutes , 420

4 men— 30 minutes 120

900

900
= 300 minutes

3

7. Applying Two Tie Plates. ,,.«
Mtnutes

1 man—130 minutes 130

1 man— 60 minutes 60

1 man— 62 minutes 62

252
252
= 84 minutes

3

8. Driving Four Spikes.
Mtnutes

2 men— 60 minutes 120
2 men— 70 minutes 140
2 men— 60 minutes 120

380
380—= 126.6 minutes
3

^- "^^"^P^"^- Minutes
4 men— 40 minutes 160

4 men— 60 minutes 240
4 men— 30 minutes 120

520

520—= 173.3 minutes
3

10. Replacing and Dressing Ballast.
Minutes

6 men— 60 minutes 360

6 men— 60 minutes 360

6 men— 75 minutes 450

1170

1170
= 390 minutes

3



944 Economics of Railway Labor

11. Carrying Old Ties and Piling for Burning.
Minutes

2 men— 30 minutes 60
2 men— 30 minutes 60
2 men— 30 minutes ' 60

180
180
= 60 minutes

3

Schedule.

Time Distribution—Minutes Per Tie

Oper-
ation Minutes
No. Operation per Tie

1 Cribbing out 18.55

2 Drawing spikes 1,77

3 Removing old tie 3.8

4 Preparing new bed 10.53

5 Carrying tie to place 2.63

6 Placing new tie 6.58

7 Applying two tie plates 1.84

8 Driving four spikes 2.78

9 Tamping 3.8

10 Replacing and dressing ballast 8.56

11 Carrying old tie and piling for burning 1.31

Foreman 10.3

Total minutes for one tie, full cribs 72.45

Actual man-hours per tie 1.21

Average Performance.

7 men working 8 hours per day 56 man-hours
Man-hours per tie 1 .21

Detention.

Going to and from work, 10 per cent . 5.6

Actual hours renewing cross-ties 50.4

Average Performance Per Day.

50.4
= 42 ties.

1.21

ROAD "C" Exhibit No. A-5

RENEWING CROSS-TIES
Condition A.

Single track.

Track not raised.

Gravel ballast.

Cribs full.

Ballast not requiring cleaning.
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Organization and Method.

When making tie renewals the foreman goes ahead and marks the

ties to be renewed.
Six laborers work in pairs pulling out old ties and putting in, plating,

spiking and tamping new ties, and when one additional laborer is avail-

able he is assigned to pulling spikes and opening up cribs of ties to be
renewed. Not more than two consecutive ties to be renewed in one place.

Sufficient ballast is removed to allow of moving old tie sidewise, then
drawn out. New tie drawn in place, tie is held up to rail, and bar tamped
full length of tie, after which tie plates are applied and spiking follows:

Schedule.

Time Distribution—Minutes Per Tie
Opera-
tion Minutes
No. Operation per Tie

1 Cribbing out 9
2 Pulling spikes 3
3 Removing old tie 1

4 Preparing new bed 2

5 Carrying tie to place 1

6 Placing new tie 2
7 Applying two tie plates 1

8 Driving four spikes 4
9 Tamping 10

10 Replacing and dressing ballast 8
11 Piling old ties 1

Foreman, one-seventh of above 6

Total minutes for one tie 48
Schedule man-hours per tie 0.80

Average Performance.

7 laborers working 8 hours per day = 56 man-hours.

Detention.

Going to and from work, total 30 minutes. Clearing
track for passing trains, total 30 minutes 7 man-hours

Actual man-hours renewing ties 56-7 :=49 hours

Average Performance per Day. .

49 -^ 0.8 = 61 ties.
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ROAD "N" Exhibit No. B-1

RENEWING RAIL—OUT OF FACE
Morning Performance

Conditions.

Rail 107 lb., laid on tangent, no tie plates taken out, but tie plates

were installed. Operation performed on single track system. Weather
was cold. Rail replaced 79 lb.

Organization.

£

distance, Jistonce

4DL_ N

Method.

The Track Supervisor was given the track until 10:00 a. m. Eleven
men began immediately to draw spikes, while four men with lining bars

threw out old rail. Next came eight men who inserted tie plugs and
adzed ties. These were closely followed by two men who placed new tie

plates. One man had been turning up rail to its true position. Next
came the Sullivan Rail Loader with operator lifting in new rail, while

one man placed expansion shims between rails and two men with lining

bars held same in position while six men drove in six spikes to each rail

length, enough to hold it in position. Next came the bolting gang which
consisted of twelve men. Two men placed angle bars in position and
inserted four bolts in each joint, while remainder of this gang tightened

up two bolts in each joint. One man adjusted tie plates under the rail

so as to help the spikcrs. Next came the spikers, divided into two gangs,

part of which spiked every other tie to gage, while the remainder of this

gang followed up spiking every tie. Timekeeper kept record of number
of rails laid. Only one flagman was used as work train took care of

flagging at one end. One waterboy was employed. The services of one
work train was required in the above operation.

Note.—In the above operation, replacement of one rail continuously,

is undertaken by the organization and second rail is taken care of on
return trip.

The gang engaged in drawing spikes and throwing out the old rail

turned back and assisted spikers.

Schedule.

Time Distribution B.\sed on Ten Rails
Minutes for

Operation Force 10 Rails
A—Breaking joints 2@12 24
B—Removing anti-creepers 1@12 12

C—Drawing spikes 8@12 96
D—Throwing out old rail • 4@12 48
E—Turning up . new rail 1@ 4 4
F—Adzing and rerrioving tie plates 7@10 70
G—Placing new tie plates 2@15 30
H—Lifting in new rail 9@ 5 45
I—Placing expansion shims 1@ 8 8

J—Spiking and gaging 12@13 156
K—Placing and bolting angle bars 12@ 8 96
L—Collecting expansion shims 1@ 6 6
M—Spiking 14@16 224
N—Adjusting tie plates 1@12 12

O—Placing anti-creepers 1@10 10

P—Timekeeper 1@12 12
Q—Flagman .• 1@12 12
R—Waterboy 1@12 12

S—Sullivan Rail Loader
Total 79 877
Total minutes for one foot 2.66
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Average Performance.

79 men working 8 hours 632 hours
Man-hours per 33 ft. rail 1.46

Detention.

10 per cent making connection. 632
Actual hours applying rails = 574

1.1

574
Average performance per day =: 393 rails

1.46

ROAD "A" Exhibit No. B-2

RENEWING RAIL—OUT OF FACE
Conditions.

'

' !

|^

' 1'^^-^

Single track branch line. Laying re-rolled 100-lb. rail weighing 90-lb.

per yard in place of 100-lb. rail which has been sawed before laying in

branch line track. Re-rolled rail 33-ft. lengths. Rail taken out 31-ft.

lengths. Re-rolled rail tie-plated, consequently all spikes on old rail are
pulled.

Plain four-hole angle bars on both old and new rail.

No anti-creepers applied.

Method—Preliminary Work
Traffic in both directions is protected by flag.

Before track is opened four men distribute small material. Three
men adze around all spikes to be drawn and the remainder of the gang
pull the spikes from every other tie.

When permission is given to break track, the gang is organized as
shown below

:

Organization.

Distance -Oonnq run i
P'stanc^ i

(^ 4A 3C 2D E F 6G 6G H 21 4J K 4L M
P R N Q

Index Force Number
Letter Operation of Men
A—Pulling remainder of spikes 4
B—Helping claw bar men with spike maul 1

C—Throwing out old rail 3
'Di—Putting in tie plugs 2
E—Adzing 1

F—Laying tie plates 1

G—Setting in new rail 12
H—Holding rail with bar for spiking -. 1

I—Driving two spikes per rail 2

J—Spiking every other tie 4
K—Putting on splice and putting one bolt in each splice with-

out tightening bolt 1

L—Putting in second bolt and tightening first and second bolt.. 4
M—Pushing larry car with tools 1

N—Water boy 1

O—Flagman 2
P—Foreman 1

Q—Assistant foreman 1

R—Timekeeper 1

Total 43
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Method—During Run

Four men with clawbars pull remainder of spikes. One man with a

spike maul drives clawbar head under spikes where necessary. Next
three men with bars line out old rail. Two men put in tie plugs. One
man adzes rail seats and one man lays tie plates.

Next twelve men with tongs pick up new rails and lift them into

place over the old rails. One of the rear tong men places expansion
shims between the rails as they are being put in place.

Two men with spike mauls and a gage spike two ties per rail length.

One man with a lining bar holds rail for these two spikers. Two other

pairs of men with gages and spike mauls spike every other tie.

One man puts on splice and one bolt in each pair of splices without
tightening bolt. Four men follow putting a second bolt in each joint and
tightening first and second bolts.

After track is closed, the entire gang turns back to full spike and
bolt.

Time Distribution Based on Ten Rails.
Minutes
for Ten

Operation Rails
Adzing around spikes 49
Pulling spikes 217
Lining out rail 21
Putting in tie plugs 30
Adzing rail seat 12
Laying tie plates 15
Lifting in new rail 126
Distributing small material 30
Holding new rail with bar for spikers 10
Putting on splice 11

Full bolting 160

Full spiking 239
Water boy 48
Flagman 76

Foreman 48
Assistant Foreman 48
Timekeeper 48

Uncoupling old rail 200

Total time for ten rails 1388

Total minutes for one ft 4.21

Standard schedule hours per 33-ft. rail 2.31

Average Performance.

43 men working 10 hours per day = 430 hours.

Schedule.

Detention.

Making four connections at an allowance for each con-

nection of 21/2 per cent of total actual hours of rail

laying hours reported for the day 025 X 4 = 0.10

Actual hours laying rail 430 y 1.10 =391
Daily performance for gang of 100 per cent efficiency 391 -^ 2.31 =: 169

Average per day, 87 per cent 169 X .87 = 147 rails
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ROAD "C"
'

Exhibit No. B-3
RENEWING RAIL-OUT OF FACE

Conditions.

Branch line—single track.

Sixty-lb. rail replaced with O. H. 85-lb. rail.

No tie plates were worked except on bridges.
New rail not plated except on curves and bridges.
Three lines of spikes removed to permit adzing and spiking ties to

give new rail proper bearing.
Sixty-lb. Weber joints released; new heat treated 85-lb. angle bars

and bolts and hi-power nut locks applied.

Organization.

J A
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bolt and tightening two. The gagers follow ; first two spikers carry the

gage, assisted by man with bar to rush the rail, spiking joints and cen-
ters; a second two carry a gage, assisted by a man with bar spiking
quarters or intermediate ties for gage and a third pair of spikers follow
spiking intermediate ties. The remainder of the spiking is completed by
"back spiking."

Details of Operation

1. Lining Up New Rail Preparatory to Laying.

10 men, 7 minutes 70 minutes
10 men, 8 minutes 80 minutes

150 minutes
150— = 75 minutes
2

2. Adzing Around Tie Plates and Spikes Ahead of Spike Pullers.

2 men, 10 minutes 20 minutes
2 men, 10 minutes 20 minutes

40 minutes
40—- =; 20 minutes
2

3. Drawing Spikes in Full.

9 men, 8 minutes 72 minutes
8 men, 10 minutes 80 minutes

152 minutes
152
= 76 minutes

2

4. Putting Angle Bars on Idle Relay Rails, One Bolt.

2 men, 10 minutes 20 minutes
2 men, 10 minutes 20 minutes

40 minutes
40 = 20 minutes
2

5. Lining Out Old Rail with Bars to End of Ties.

3 men, 6 minutes 18 minutes
3 men, 5 minutes IS minutes

33 minutes
33
= 16'. J minutes

2
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6. Final Adzing of Ties.

6 men, 10 minutes 60 minutes
6 men, 12 minutes 72 minutes

,

132 minutes
132

:= 66 minutes
2

7. Placing Tie Plates (One Test).

1 man, 3 minutes 3 minutes

3
= 3 minutes

1

8. Placing New Rail with Machine.

7 men, 8 minutes 56 minutes

7 men, 10 minutes 70 minutes

126 minutes
126— = 63 minutes
2

9. Placing One Bolt and Tightening Two.

8 men, 6 minutes 48 minutes

5 men, 6 minutes 30 minutes

78 minutes

78—= 39 minutes
2

10. Gaging Joints and Quarters.

6 men, 10 minutes 60 minutes

4 men, 14 minutes 56 minutes

116 minutes
116—= 58 minutes
2

11. Assisting Gagers with Bars.

2 men, 6 minutes 12 minutes
2 men, 14 minutes 28 minutes

40 minutes
40
= 20 minutes

2
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12. Full Spiking.

6 men, 20 minutes 120 minutes
10 men, 20 minutes 200 minutes

320 minutes
320—= 160 minutes
2

13. Placing Two Bolts and Tightening Two.

8 men, 9 minutes 12 minutes
5 men, 10 minutes 50 minutes

122 minutes
122—= 61 minutes
2

14. Sticking and Driving Tie Plugs.

6 men, 8 minutes 48 minutes
4 men, 12 minutes 48 minutes

96 minutes
96—= 48 minutes
2

15. Distributing Material.

2 men, 25 minutes 50 minutes
4 men, 10 minutes 40 minutes

90 minutes
90 = 45 minutes
2

16. Breaking Connection.

1 man, 4 minutes 4 minutes
1 man, 4 minutes 4 minutes

8 minutes
8—= 4 minutes
2
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Schedule.

Summary of Time Distribution for Ten Rails

Man-minutes
Operation for ten Rails

Lining up new rail preparatory to laying 75.0

Distributing material 45.0

Adzing around spikes and tie plates ahead of spike

^pullers 20.0

Final adzing of ties 66.0

86.0
Drawing spikes in full 76.00

Setting and driving tie plugs 48.0
Breaking connection 4.0

Lining out old rail with bars 16.5

Placing tie plates 3.0

Placing new rail with machine 63.0

Gaging at joints and quarters 58.0

Assistant gagers with bars 20.0

78.0

Putting angle bars on new idle rail, one bolt 20.0

Placing one bolt and tightening two 39.0

Placing two bolts and tightening two 6L0
120.0

Full spiking 160.0

Flagmen, 2 76.0

Foreman, 1 38.0

Total man-minutes for ten rails 888.5

Total man-minutes for one foot of rail 2.69

Standard schedule hours for one rail 1.48

Average Performance.

35 men at 8 hours 280 man-hours

Detention.

Making connections and going to and from work.... 28 man-hours

252
252

Average performance per day =: 171 rails

1.48

ROAD "C" Exhibit No. B-3-a

RENEWING RAIL—OUT OF FACE
Condition.

Work performed on single track main line, 85-lb. rail being used
releasing 80-lb. rail. Spikes pulled in full in order to apply combination
tie plates, about 30 per cent plated. Heat treated 4-hole angle bars, heat
treated track bolts and hi-power nutlocks being used, releasing 6-hole,

80-lb. angle bars. Rail anchors, four to the rail; used three and four
anchors to the rail released.

The above work was performed November 18th and 19th by an extra
gang working possibly 25 per cent inexperienced men. Weather condi-

tions fairly good.
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Organization.

R 3A J B C 2D E 4F G H 31 M O 3K L N 4P Q R
U T S

Index Force Number
Letter Operation of Men
A Lining up rail end to end on ballast shoulder for machine.. 3
B Thinning spikes preparatory to laying rail 1

C Pulling remainder of spikes 1

D Lining out old rail 2
E Setting tie plugs 1

F Driving tie plugs and adzing ties 4
G Applying creosote oil to adzed portion of treated ties 1

H Placing tie plates in full 1

I Setting in new rail with machine 3

J Distributing fastenings and tie plugs 1

K Driving six spikes to rail 3
L Lining and adjusting rail to gage for spiking 1

M Applying angle bars with one bolt 1

N Keeping push car loaded with tools up with work 1

O Placing second bolt and tightening two 1

P Spiking and bolting in full 4

Q Grinding and repairing tools 1

R Flagmen 2
S Water boy 1

T Timekeeper 1

U Foreman 1

Total men 35

Method.

Upon arrival at the point where rail is to be re-laid two flagmen are

sent out, one in each direction to protect against traffic. (The flagman
ahead of rail laying operation loosens and takes out two bolts to each

joint while the flagman in the rear tightens bolts in joints where new
rail has been laid.) Four men with push car distribute material, while

twelve men with rail tongs line up new rail on shoulder, end to end,

within reach of rail laying machine. Two men thin spikes, taking out

every other spike.

When permission is given to break track, four men pull all spikes

and three men follow up throwing out old rail. One man removes tie plates

and sets tie plugs, followed by four to six men who drive the tie plugs
and adze the ties to give rail a firm bearing.

One man applies creosote oil to treated ties that have been adzed
and one man replaces tie plates, using such of the old ones that are
good and filling out with new ones.

Five men with rail machine pick up rail and set in place. One man
ahead of the rail machine hangs angle bars on the rail, with one bolt, as
it is laid and a man behind the machine places shims, if required, and
inserts second bolt. Another man following, inserts two bolts to the
joint and tightens two.

Two men with a nipper, spike every fourth tie and three more fol-

lowing, in the same manner, spike every fourth tie, leaving every other
tie to be still spiked. Then three men follow spiking in full.

Usually it is the duty of the water boy to follow up the rail machine
with push car loaded with tools and short rail.
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When the day's rail laying is complete, four men distribute material

for the next day's run, twelve men line up new rail, four men truck and
pile old scattered material, two men dig holes under rail for the appli-

cation of rail anchors, while two men apply the anchors. The remainder
of the gang break down the old rail.

Time Distribution Based on Twenty Rails

Minutes for
Operation 20 rails

Laying rail end to end on shoulder for machine 290
Pulling spikes 260
Lining out old rail 195
Setting tie plugs 57
Driving tie plugs 260
Applying creosote oil to adzed ties 35
Placing tie plates in full 65
Laying new rail 260
Distributing material 60
Spiking in full 205

Bolting in full 205
Pushing push car 65

Grinding and repairing tools 65
Flagman , 130

Water boy 65
Foreman 65

Timekeeper 65
Uncoupling old rail 65

Total time for 20 rails 2412

Total minutes for one foot 4.02

Average Performance.

35 men working 8 hours '.280 man-hours
Actual man-hours per rail 2.01

Detention.

Ten per cent for connections.
280

Actual hours applying rail = 254
1.1

! 254
Average performance per day —= 127 rails

2.01

ROAD "O" Exhibit No. B-4

RENEWING RAIL—OUT OF FACE
Condition.

Heavy traffic lines and relaying rail without delaying traffic. M'ain
line track. Laying 100-lb. rail 33-ft. lengths, fully tie plated with four
rail anchors per rail and four hole continuous joints, releasing 90-lb.

33-ft. rail.



Economics of Railway Labor 959

Organization.

Number
Index Force of
Letter Operation Laborers
A Adzing 10
B Drawing spikes 11

C Throwing out old rail 4
D Putting in tie plugs 3
E Setting in new rail 16

F Distributing fittings, spikes and bolts 3
G Putting on joints.. 2
H Full bolting and tightening bolts 7

I Spiking ahead 8

J Back spiking 6
K Flagmen 2
L Oiling joints 1

M Removing tie plates 1

N Sweeping 1

O Placing new plates 1

P Applying rail anchors 4

Total laborers 80
Foreman 1

Assistant foreman 1

Timekeeper 1

Water boy 1

Camp watchman 1

Total force 85

Method.

Work performed in manner outlined in force operation. Work closed
up as a finished job each noon and each night.

Traffic in both directions protected by flag.

Time Distribution Based on Ten Rails

(Or 165 Track feet)

Man-minutes
Operation for 10 Rails

Adzing .' 240
Drawing spikes 264
Throwing out old rail 96
Putting in tie plugs 72
Setting in new rail 384
Distributing fittings, spikes and bolts 72
Putting on joints 48
Full bolting and tightening bolts 168
Spiking ahead 192
Back spiking 144
Flagmen 48
Oiling joints 24
Removing tie plates 24
Sweeping 24
Placing new plates 24
Applying rail anchors 96

Total time for ten rails 1920
Total minutes for one foot 5.82

Schedule per man-hour 5 track ft.
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Average Performance.

80 men working 8 hours per day 640 man-hours
Man-hours per 33 ft. rail 3.20

Detention.

Going to and from work total 1 hour
Closing up for trains total 2 hours

Total 80 men at ; 3 hours, 240 man-hours
Effective working period 400 man-hours

400
Average performance per day = 125 rails

3.20

ROAD "P" Exhibit No. B-S

RENEWING RAIL-OUT OF FACE
Conditions.

Single track main line Old rail, 80 and 85-lb.

New rails, 8S-lb. Old angle bars, 80-lb., ordinary

New angle bars, ordinary 4-hole 4-hole type.

type. Old angle bars, 85-lb., continuous.

New tie plates, 1 :20 slope shoulder. Old tie plates, plain and shoulder.

New anti-creepers, applied on aver- No old anti-creepers.

age of 5 per rail.

Preliminary Preparations.

Track is carefully chained by track foreman and each line of rail is

marked to show location of new joints.

New rail is distributed from the flat cars on which it is received from
the mills. Four men to a car are required. Special roller bars are used
to roll rails across car and special roller hooks suspended from stake

pockets are provided to keep rail unloaded well up on ballast shoulder.

Rail is unloaded on both sides of the track at the same time and two to

seven cars are worked together.

Angle bars, bolts, tie plates, etc., are, when possible, distributed at

the same time from cars in which they are received from mills but inde-

pendent of the unloading of the rails.

Rails are set up and moved as nearly as possible to the location where
they will be placed in the track, are bolted into three rail units and are

turned on sides with heads toward and at ends of ties. A foreman with
five men and a 3-man track laying machine will do five miles of this on
one side of the track a day.

Alternate inside spikes and all extra inside spikes are pulled, making
spiking uniform on curves and tangents. All broken spikes are pulled
or driven down flush with tops of ties. All ties which project above the
rail base are adzed down.

Joints are "broken" every twenty rails on curves and every forty

rails on tangents by removing and oiling bolts and putting on extra nut-

locks when they are replaced so that nuts may be readily removed.
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Organization.

'During run, disposition of men is as per the following diagram:

P P P
C 7E C 20J North Rail

M 3A 3B 11 D 28F G 14H I

C lOK M 5N

3A 3B IID 28F C G 14H I

South Rail C 7E C 20T
P P P

Index Force Number
Letter Operation of Men
A Remove angle bars at joints previousiy broken and

remove planks at road crossing 6
B Turn three-rail units to upright position on ends of ties.

.

6
C Foremen 7
D Pull inside spikes 22
E Bar in old rail 14
F Tong men 56
G Bar new rail against outside spikes 2
H Spikers 28
I Pull out spikes in way of new joints 2

J Put on new angle bars, full bolted. .
.- 40

K Replace road crossing planks, cut closures and switches, etc. 10

P Water boys 6
M Flagmen 2
N With work train throwing out rail 5

Cooks, helpers, etc 12

Timekeepers 2

220
Method.

Traffic in both directions is protected by flags and train orders. Main
force is divided equally so that rail laying is carried on on both sides of
the track simultaneously.

The following description covers one side only:
Three men with motor car precede laying gangs, opening joints

previously broken and removing all road crossing planks.

Three men with rail forks turn three-rail units to upright position on
ends of ties.

Eleven men pull all inside spikes. These are closely followed by
seven men with bars who, using the new rail as a fulcrum, push the old
rail toward the center of the track to permit new rail to be set in place.

Twenty-eight tongmen set the new rail previously bolted in three-
rail units, in place. Foreman in charge of tongmen places expansion
shims as rails are laid.

One man with a bar just back of the tongmen pushes the new rail

against the outside spikes.

Fourteen spikers drive inside spikes in every third tie.

One man following spikers pulls outside spikes which would interfere

with putting on new angle bars.

Ten men put on and full bolt angle bars at joints of three-rail units.

Ten men and foreman with hand-car follow and cut all closures,
replace crossing planks, etc.

A
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Five men witii work trains throw ends of old rail over top of new
rail so that wheels of heavily loaded flat cars at head end of work train

will force old rail out of track to ends of ties. These men also watch
continuous joints where old rail is equipped with these and prevent them
from catching on the head of the new rail.

Rail laying gangs are handled to and from camps by work trains.

After the new rail is in place gangs are split up into small units to

put on anti-creepers and to put in new tie plates. To install tie plates

all spikes are pulled, old plates removed, spike holes plugged, ties adzed
when necessary, new plates placed and new spikes driven. Gage is checked
and any lining required is done by the tie plating gangs.

No jointing is done and angle bars are not slot spiked.

Time Distribution

Based on one track mile of rail, including all operations required after

receipt of rail on cars and including loading of released material

:

Hours
Operation Labor

Unloading new rail 45
Unloading new fastenings 10
Pulling alternate inside spikes and adzing 150
Setting up new rail 28
Bolting new rail in three-rail units 55
"Breaking" joints 2
Opening joints previously broken, taking out crossing plank 2
Turning three-rail units upright on ends of ties 6
Pulling inside spikes 20
Barring old rail 14
Placing new rail 60
Barring new rail against out spikes 2

Spiking 28
Pulling outside spikes at new joints 2

Bolting 30
Cutting closures, replacing crossing planks 10

Throwing out old rail 6
Putting on anti-creepers 100

Tie plating: pulling spikes 120; removing old plates 20; plugging
old spike holes 40; adzing 40; placing new plates 60; gaging,

lining and spiking 300 580
Unbolting and picking up old material 380
Timekeepers, water boys, camp-helpers 20

Total time for one mile (320 rails) 1550

Distribution includes foreman and flagman ; it covers only actual

work done and does not allow for usual loss of time on account of bad
weather, men going home for week-ends, etc., nor does it include work
train expenses.

Total time for one foot of rail 0.147 hours
Standard schedule hours per 33-ft. rail 4.85 hours

Average Performance.

220 men working ten hours a day.

Schedule 4.85 hours per rail.
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Detention.

Nil. No records regarding detention caused by making connections for

passing trains, and special gang which makes other connections

is included in above.
Rails complete per daJ^ 454.

Where new 100-Ib. rail has been laid conditions were the same as

the above and the organization used has been practically the same. In

the past the new 100-lb. rail has been bolted into two-rail units instead

of three-rail units, as has been done with the 85-lb. rail, but we believe

that three-rail units for 100-lb. rail can be handled successfully, and next
season this method may be given a trial.

Note.—The Committee has added the following in order to reduce
the results to a comparable basis.

Performance Including Only Actual Rail Laying Operations

Man
Hours

All Operations 1550
Less—Unloading new rail 45

Unloading new fastenings 10
Camp helpers 5

Unbolting and picking up old material 380 440

Time of actual rail laying operation 1110

Equivalent increase in man hours due to throwing out rail with
work train

:

Ratio of wages of work train crew that of five section laborers = 2.10.

5

Ratio of men of train crew to total men in rail laying gang=
220

Increase in man hours due to extra use of work train

:

1110 X ( 5 X2.1) =52.9

220
Time of actual rail laying =1110 man hours
Equivalent increase in man hours due to extra

use of work train = 52.9 man hours
Equivalent time of actual rail laying operation

for 320 rails = 1162.9 man hours

Actual man hours per 33-ft. rail = 3.63.

Note.—The 3.63 man-hours per 33-ft. rail is comparable with the

time shown in other rail renewal studies. To compare the cost per 33-ft.

rail using this method with other methods, all other items of work train

expense, rental, etc., should be equated to section labor man-hours and
added to the time of 3.63 man-hours.
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Gang Organizations for

Road.

Method

.

Date.

Number of men on actual rail laying operations.

Single or double track
Density of traffic (Light, Moderate, Heavy).. .

.

Free or interrupted use of track
Weight of rail released (lbs. )

Weight of rail laid (lbs. per yard)

Kind of rail laid

Length of rail laid (feet)

Track tie plated

1 or 2 lines of spikes pulled per rail.

Forward flagman
Rear flagman ^

.

Distributing material—by hana.
Distributing material—with larry car
Lining up new rail before laying
Removing rail anchors
Breaking joints

Sweeping off ties

Score adzing
Cutting bolts
Maulmen assisting spike pullers
Thinning spikes
Pulling remainder or all spikes
Lining out old rail with bars
Lifting out old rail and new in, with tongs.
Removing tie plates
Sticking tie plugs
Driving tie plugs
Adzing ties for rail or tie plate seat
Creosoting adzed portion of ties

Placing tie plates
Setting in new rail

Placing expansion shims

Oiling angle bars
Putting splices on rail in place.
Putting on angle bars and full bolting
Placing 1 bolt, tightening 2

Placing and tightening 2 bolts
Placing and tightening remaining bolts . . .

.

Placing and tightening all bolts
Final tightening of all bolts
Gaging at joints and quarters
Assisting gagers—bars and mauls
Full spiking part of ties

Full spiking remaining or all ties

Assisting spikers with bars
Collecting expansion shims
Anchors applied per rail

Digging holes for anchors
Applying anchors
Miscellaneous, not in above
Timekeepers
Waterboys
Assistant Foremen
Foremen

Total men
Total rails laid

Total hours worked (gross)

Actual man-hours relaying rail

Standard schedule speed per 33-ft. rail (man-hours)
Percentage of standard schedule speed (delays deducted)
Actual man-hours per 33-ft. rail (unavoidable delays
deducted)

Remarks. (See notes below)

.

USING

A.M.
2/23

56
S

Mod.
Int.

90
90

New
33

2/3

1

1

1

2

P.M.
3/23

54
S

Mod.
Int.

90
90

New
33

2/3

1

1

1

1

6

60
85

529.6
313.57

3.0
81.32

3 . 68!

A.M.
3/23

67
S

Mod.
Int.

New
33

2/3

1

1

1

1

P.M
3/23

69
S

Mod.
Int.

90
90

New
33

2/3

1

1

1

1

73

86
576.76
309. 5i

3.0
83.35

3.600

A.M.
3/23

93
S

Mod.
Int.

90
90

New
33

2/3

1

1

1

102

III
"Z"

I. Not enough men in advance gangs.
II. Not enough men in advance gangs.

III. Very good and steady.
IV. Good.
V. Too many delays for smooth operation.
VI. Work divided into four (4) distinct operations as shown by (1), (2), (3) and (4). Ten rails

laid complete at one time.
VII. Gang too small for efficient operation. Full bolting and spiking is done after rail is cut in

for the day.
VIII. (1) One man turns rail up, 12 men place it on end of ties and one man turns rail down and

inward.
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Renewing Rail
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Gang Organizations for

Road.

Method

.

Date.

Number of meTi on actual rail laying operations.
Single or double track
Density of traffic (Light, Moderate, Heavy).. .

.

Free or interrupted use of track
Weight of rail released (lbs. )

Weight of rail laid (lbs. per yard)
Kind of rail laid
Length of rail laid (feet)

Track tie plated

1 or 2 lines of spiKes pulled per rail

Forward flagman

Rear flagman

Distributing material—by hand
Distributing material—with larry car
Lining up new rail before laying
Removing rail anchors

' Breaking joints

Sweeping off ties

Score adzing
Cutting bolts
Maulmen assisting spike pullers

Thinning spikes
Pulling remainder or all spikes
Lining out old rail with bars
Lifting out old rail and new in, with tongs.
Removing tie plates
Sticking tie plugs

Driving tie plugs

Adzing ties for rail or tie plate seat
Creosoting adzed portion of ties

Placing tie plates
Setting in new rail . .

_.

Placing expansion shims
Oiling angle bars
Putting splices on rail in place
Putting on angle bars and full bolting
Placing 1 bolt, tightening 2

Placing and tightening 2 bolts.

Placing and tightening remaining bolts . . .

.

Placing and tightening all bolts
Final tightening of all bolts
Gaging at joints and quarters
Assisting gagers—bars and mauls
Full spiking part of ties

Full spiking remaining or all ties

Assisting spikers with bars
Collecting expansion shims
Anchors applied per rail

Digging holes for anchors
Applying anchors
Miscellaneous, not in above
Timekeepers
Waterboys
Assistant Foremen
Foremen

Total men
Total rails laid

Total hours worked (gross)

Actual man-hours relaying rail

Standard schedule speed per 33-ft. rail (man-hours)
Percentage of standard schedule speed (delays deducted)
Actual man-hours per 33-ft. rail (unavoidable delays
deducted)

Remarks. (See notes below)

.

USING RAIL

8/23 8/23 8/23 3/24 1923

53

S
Mod
Int.

85
90

33

40%
2

1

1

56
148
373.3
215.99

1.75
119.35

1.457

X

49
S

Mod
Int.

85
90

33

40%
2
1

1

52
120
416.0

233.88
1.75

1.949

49
S

Mod.
Int.

85
90

33

40%
2

1

1

52
125
390

205.42
1.75

106.49

1.643

40
S
Lt.
Int.

90
90

33

No
1

1

1

.....

(d)l

44

XI

Int.

85
100
New

No
2

1

47

X. Machine was retarded by insufficient size of advance gang.
XI. Recommend that gang be inareaaedi n size, also that angle bars be put on after rail has been

finally seated.
XII. *Tie plates are applied after rail is in place.
XIII. When making a run an organization of 61 men is in effect. During delays or closures this

organization is broken into those for preliminary and completion work. (1) Adjusting
anchors.

XIV. (1) Adjusting tie plates. (2) Exclusive of foreman's time. (3) Work train used.
XV. Considerable time was spent in adzing for additional tie plates.

r XVI. (1) One bolt.
XVII. (1) Driving spike stubs.
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Renewing Rail Out of Face Exhibit No. B-6

LAYING MACHINE
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ROAD "C" Exhibit No. C-1

HAND DITCHING
Conditions.

Single track in cut.

'Dirt did not require the use of a pick.

Vegetation not difficult to handle. ,

Equipment.

Push car, dump boxes, shovels and poles, the latter being used under
the dump boxes to prevent waste dirt from falling on the ballast when
boxes are emptied.

Force.

5 laborers

1 foreman

Total 6

Method.

After arriving at the work, the five men shoveled up the toe of the

gravel to the ends of the ties in order to avoid dropping dirt on the

ballast in loading dump boxes. All hands were then put to shoveling or
cutting the dirt and piling for loading in the dump boxes. The excavated
material was loaded into dump boxes and trucked 900 ft. down a 0.93

per cent grade where it was used as bank widening material. The ballast

section was then dressed.

Distribution of Time

(Time based on 200 linear ft. of ditch)

Men Test Number
Performing 1 2

Operation Operation Man-Minutes
1 Shoveling gravel on ends of ties 5 10.0 15.0

2 Bunching dirt in piles 5 50.0 60.0

3 Shoveling in dump boxes 3 129.0 147.0

4 Pushing load out and down 900 ft., 93 per
cent grade 3 42.0 42.0

5 Dumping dirt 3 30.0 30.0

6 Pushing car back to cut (900 ft.) 3 36.0 42.0

7 Shoveling 2 50.0 40.0

8 Shoveling dirt down 2 40.0 44.0

9 Dressing ballast section 5 38.0 37.0

Total minutes for 200 linear ft. of ditch 425.0 457.0

Average of two tests, 3.675 man-hours per 100 ft.

Detention.

Enroute to and from work 5 @ 10— 50 man-minutes
Due to traffic 5 @ 30—150 man-minutes

200 man-minutes
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Average Performance.

5 men at 8 hours 40.00 man-hours
Less detention 3.33 man-hours

Actual hours ditching 36.67 man-hours
36.67

Performance per day = 10 stations or 1000 ft.

3.675

ROAD "C" Exhibit No. C-2

HAND DITCHING
Condition.

Single track in cut on one side with barrow pit on opposite side.

Organization.

Number
Operation of Men

Building sub-shoulder to hold ballast on opposite side of
track from ditch and dressing ballast 1 laborer

Hauling dirt with wheelbarrow from side of track being
ditched to opposite side for shoulder 1 laborer

Ditching, each man taking one panel of track 3 laborers
Loading wheel-barrow with dirt, also dressing ballast shoul-

der, one side of track 1 laborer
Shoveling dirt back from top of cut to prevent it from wash-

ing back into cut, also part time building embankments
around signs and markers and resetting ditching line... 1 foreman

Total 7

Method.

Before starting any particular job of ditching, foreman shall make a

survey of his section to determine which should be ditched first, taking

into consideration cuts that are dry at the time but will be too wet later

in the season to ditch ; these places to be taken care of first.

Where there are track ditches on both sides and the cuts are shallow,

the dirt not needed for building embankments around signs and markers,
also approaches to road crossings, is cast on top of the cut far enough
back to prevent washing back into the cut.

In cuts from 8 to 10 ft. in depth, run-ways of plank arc placed and
wheel-barrows used in hauling the surplus dirt out on top of the cut, and
while this is slow in many instances it is much faster than trucking out

and dumping on embankments; that is, if it is necessary to truck for any
distance.

In one-side cuts, w'here there is only a track ditch on one side, a
part of the dirt is passed across the track by using a plank run-way and
wheelbarrow and used in widening the shoulder on the opposite side.

The remainder of the dirt is used in building embankments around signs,

markers and approaches to road crossings or cast up on top of the cut.

Where the soil is fairly dry it is found that a No. 2 scoop shovel is

preferable to a No. 2 track shovel. The blade of the scoop is much
thinner and the dirt slips from them much easier, and more dirt can be
handled in the same amount of time.

In cleaning out deep cuts where rock has fallen in, the rock should
be trucked out and preserved for putting in rock drains later.
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Schedule.

Time Distribution—Minutes Per One Operation

Six-man gang; 3 men actually ditching 3 33-ft. rail lengths, one side of
track, 4 operations per day

Opera-
tion Number
No. Operation. Minutes
1 3 men ditching 33-ft. one side, 10 yds. of dirt, each 1 hour

30 minutes 270
2 1 man v/ith wheel-barrow handling 16.5 yds. of dirt build-

ing shoulder 99 ft 90
3 1 man dressing 99-ft. dirt shoulder and 99-ft. chat shoulder,

opposite side track 90
4 1 man dressing 99-ft. chat shoulder and loading wheelbar-

row with dirt 90
5 Foreman shoveling dirt back on top of cut, resetting ditch-

ing line and making embankments to signs and markers. 90

Total minutes of one operation, including foreman. ... 630
Part of day's work consumed, 1 hour 30 minutes.

Average Performance.

7 men working 8 hours per day = 56 hours.
Schedule.

1 hour 30 minutes per 2)3 ft. ditched one side, handhng 10 yds. of
dirt; 1 hour dressing 99 ft. of chat shoulder on both sides of
track.

Detention.

Going to and from work, clearing track for trains, all forces stop-
ping work during the passage of trains and watching for defec-
tive brake rigging, broken flanges, etc., and taking care of other
necessary work, such as switch lamps, raising a few joints while
going in and out. Average of 2 hours per day.

Actual hours on ditching program per day, 42 hours.

ROAD "C" Exhibit No. 0-3

HAND DITCHING
Method and Condition.

Gang pumped hand car 1.2 miles from tool house to point of work.
Ditching done in shallow cut, dirt cast out over bank by hand with
shovels. Cut 365 ft. of ditch on one side of track, width of ditch 6 ft.

6 in., dirt sticky and gummy and hard to handle, and quite a heavy
growth of vegetation.

Six and one-half cubic yards were handled by hand in a total of
255^ man-hours.

Number Time
Nature of Work of Men Hrs. Min.

Left tool house at 8:00 a. m., going on hand car
to work, unloading tools, etc 4 1 40

Started ditching at 8:25 a. m.
Ditching with shovels, cleaning off vegetation, cast-

ing dirt over bank 365 ft. X 6 ft. 6 in. wide,
6i^ cu. yd 4 26 20

Quit ditching at 4:00 p. m.
Gathering ilp tools, etc., and pumping hand car to

headquarters 4 1 40
Cleaning up around station, filling switch lamps,

putting away tools, hand car, etc 4 2 20
Quitting at 5:00 p. m. — — —

Totals 4 32
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Sutnmary.

365 ft. ditched at cost of 26 hr. 20 min., or $8.62

Average net cost per foot $ .0236

Net man hours per foot of ditch 0.072

Man hours per 100 lin. ft. of ditch 7.2

Total time worked by laborers 32 hr.

Time going to and from work, etc 3 hr. 20 min.

Time ditching 26 hr. 20 min.

Other maintenance work after 4 p. m 2 hr. 20 min.

Performance per Day.

12 rail lengths, 396 track ft., one side of track ditched.

12 rail lengths, 396 track ft., both sides chat shoulder redressed.

12 rail lengths, 396 track ft., one side, dirt shoulder built.

120 yards of dirt handled, distributed as follows

:

66 yds. in widening shoulder.

36 yds. building embankments to signs, markers and road
crossings.

18 yds. cast on top of cut.

ROAD "N" Exhibit No. M-1

GRAVEL BALLAST RENEWAL
1924

Conditions.

New gravel ballast replacing old gravel ballast. Double track main
line, cribs full, old ballast removed to base of tie, track raised four
inches. Track No. 2 northbound, regular trains 51, during working period
of 9 hours. Work done under traffic. Speed reduced to 15 miles over
section between cribbing out and tamping gangs inclusive.

Organization.

LOAoiMi Oio Ballait Dressino Tamping Raisinq Spreading Cribbing Out

;CfClom>lellB^/c<e^

® Operohng Dikher
Q Laborers
® ASSt Foremof)

Compressors Crtcfion of WorK

® Loborers ® Operoring Compressorif2) ® Excovohng fbrJocKs ® Hondlmg Tie ® Lo borers
® Assf Foremon ®0perahngTompingGuns(8) ©Hondlmg JocKs © Loosening bollair © Foretnon

® Filling in ® 5hovel fompinq ^ in cor ® worer bou
©Wolerboy ©Foremon ©Asst Foremen

"^

© Foremon

Cribbing Out.

Minutes for
Men 100 lin. ft.

(a) Laborers 18 3006
(f) Foreman 1 167

(w) Water boy 1 167

Spreading.

(b) Handling tie 3 201

(c) Loosening ballast in car 1 67
(f) Assistant foreman 1 67
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Minutes for
Men 100 Lin. Ft.

Raising.

(d) Excavating for jacks 2 310

(e) Handling jacks (4) 4 620

(g) Shovel tamping 8 1240

(f) Foreman 1 155

Tamping.

(o) Operating compressors (2) 1 207

(h) Operating tamping guns (8) 8 1656

(i) Filling in 4 828

(w) Water boy -•

.

1 207

(f) Foreman 1 207

Dressing.

(k) Laborers ' 10 1730

(f) Assistant foreman 1 173

Loading Old Ballast

(0) Operating ditcher 2 272

(1) Laborers 4 544
(f) Assistant foreman 1 136

Total 73 11960

Minutes for one lin. ft 119.60 = 1.99 man-hours
Delays 14 per cent 16.74

Actual time per lin. ft 102.86= 1.71 man-hours
New ballast 0.519 cu. yds. per Hn. ft.

Old ballast removed 0.190 cu. yds. per lin. ft.

Method.

The gang cribbing out, working in pairs, one man with pick and one

with shovel, each pair five ties apart, removed old ballast to bottom of tie

between shoulder and midway between tracks. Old ballast was thrown
out beyond shoulder so as to clear new gravel, and placed in piles, as far

as possible, in order to facilitate handling later.

New gravel loaded in battleship type coal cars averaging 30 cu. yds.

per car, two cars at a time being handled by work train. Two men placed

tie on rail in front of rear truck of car to be unloaded, and assisted by a

third man on opposite side of car, using a rope attached to tie, placed

tie in position. The hopper farthest from the tie was opened and for-

ward half of car load spread. One man on car, assisted by men on
ground, loosened ballast with bar. As soon as front hopper emptied,

rear hopper was opened and the remaining ballast spread. Trains oper-

ated at speed of about 2^ miles per hour during the time the ballast was
being unloaded. Only two cars could be handled at a time, owing to

heavy passenger traffic through this territory, necessitating frequent clear-

ing up for trains.

Two men followed, one on each rail, digging out for jacks at each
joint, quarter and center. Four men with jacks, two on each rail, work-
ing opposite, at joint and center, raised track one inch above new grade.

Four pairs of shovel tampers tamped four ties at each jack, ends and
one shovel width inside. The gang then moved to the quarter where the

operation was repeated.
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Two four-tool compressors, operating 8 tie tamping guns, one man
to each gun, followed the raising gang. Ties were thoroughly tamped
under ends, rail and 12 in. inside, center of tie being tamped lightly.

Four men with shovels filled in as tampers used up the ballast. This
gang was supplied with two jacks used when necessary to bring up track
which had settled under traffic.

The dressing gang of ten men followed lining up shoulder, filling in

and shaping the ballast.

Old ballast was loaded by American ditcher, working on flat car
handled by work train. Half yd. clam shell bucket was used, material
being loaded into low side gondolas, one at each end of car holding
ditcher. Four laborers shoveled material into piles where necessary and
dressed up slope after material had been removed.
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ROAD "N" Exhibit No. M-2

GRAVEL BALLAST
1924

Conditions.

New gravel ballast, old ballast not removed. 'Double track main
line cribs full, track raised four inches. Track No. 1 southbound, regu-

lar trains 14 during working period of 9 hours. Work done under
traffic. Speed reduced to 15 miles over section between raising and
tamping gangs inclusive.

Organization.

I Laborer! ©Operotmg Compresjorj(2) ® Excavating for JocKs d) Handling Tie

) Assr. Foremon ®0pera^ngTampingGuns(8) d) Handling Jack's C) © Loosemng bollasi

® Filling in © Shovel ramping '" "r

® Warer boy ® Fortman
® Foreman

© Asst Foreman

Spreading.

Nutnber
Men Minutes for

working 100 lin. ft.

Handling ties 3 93
Loosening ballast in car 1 31
Foreman 1 31

Raising.

Excavating for jacks 2 232
Handling jacks 4 464
Shovel tamping 8 928
Foreman 1 116

Water boy 1 116

Tamping.

Operating compressors (2) 1 96
Operating tamping gun 8 768
Filling in 4 384
Waterboy 1 96
Assistant foreman 1 96

Dressing.

Laborers 8 1720
Assistant foreman 1 215

Total 45 5386
Minutes for one lin. ft 53.86= 0.90 man-hours
Delays 6 per cent 3.23

Actual time 50.63= 0.84 man-hours
New ballast 0.347 cu. yd. per lin. ft.
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Method.

New gravel was loaded in battleship type coal cars averaging 30 cu.

yds. per car. Ten cars at a time were handled by work train, the order
of unloading being from head to rear car. Three men, two on one side
of the car being unloaded and one on the opposite side with rope attached
to tic, placed the tie on the rails in front of the rear trucks. Forward
hopper was then opened and when emptied on track, the rear hopper was
opened and remainder of the load spread, the train moving at a speed
of approximately 2.5 miles per hour during unloading. One man on car
assisted by men on the ground, loosened ballast with bar.

Two men dug out for jacks, one on each rail at each joint, quarter
and center. Four men with jacks, two on each rail, working opposite at

joint and center, raised track one inch above new grade, four pair of
shovel tampers tamped four ties at each jack, ends and one shovel width
inside. The gang then moved to the quarter where the operation was
repeated.

Two four-tool compressors, operating eight tie tamping guns, one
man to each gun, followed the raising gang. Ties were thoroughly
tamped under ends rail and 12 in. inside, center of tie being tamped
lightly. Four men with shovels filled in as tampers used up the ballast.

This gang was supplied with two jacks, used when necessary to bring up
track which had settled under traffic.

The dressing gang of eight men followed lining up shoulder, filling

in and shaping the ballast.



976 Economics of Railway Labor

ROAD "N" Exhibit No. M-3

BALLAST CLEANING
Method.

Cribbing.—A gang of about 26 men dug out ballast between the ties

to the bottom of the tie, placing all of the ballast between the outside
rails on both tracks in the wide gage. The ballast on the shoulder was
at the same time dug out, forked over and thrown back clean outside of
the outside rail. In order to insure safety it was found necessary to

put a slow order of 25 miles per hour on track thus cribbed out, this

extending from the head end of the job back to where the track had
been tamped up and filled in. Following the cribbing gang the section
men and a few extra gang men put in the necessary ties. This operation
was not shown on the report.

Screening.—'The screening was done with the aid of an American
ditcher and ballast screen. The screen itself was 21' x 7' 6" and was
made of four plates 3' 9" x ^" x 10', V/2" round holes (staggered),
spaced Syi" center to center, 2" center to center of rows. At the top end
of the screen a cover plate 3' x 7' 6", %" iron, was placed over the
screen in order to start the stone rolling. This screen was placed in an
ordinary low side steel coal car, and by means of hinges, attached to
4" x 6" timber, which extended along both sides of the entire length of
the car floor. In the screening position this screen was placed at an
angle of 38° with the floor of the car. The low end of the screen was
placed so that the stone after being cleaned passed directly into the
open hopper of the car and from there onto the track where it was dis-

tributed by a tie placed on top of the rail ahead of the wheels. The
screen in working position had clearance from top of rail of 17' 5", but
was so constructed that it could be quickly collapsed to a clearance of
10' 9". It was also possible to lift the screen up through a cable attach-

ment which was operated by the ditcher, to cleaning position, thus allow-
ing for the disposition of dirt and cinders alongside of the main line or.

alongside of side track while work train was in the clear. The ditcher,

as stated above, was operated from a flat car next to the car in which
the screen was placed, the stone being taken from the wide gage with a
narrow clamshell bucket equipped with teeth, provided especially for this

purpose, and dropped on the top of the screen, from which point it ran
away from the ditcher and into the hopper, onto the track. It was
found that this arrangement removed all of the dirt and cinders from
stone ballast and delivered it to the track perfectly clean.

The screening crew consisted of the ditcher crew, foreman and two
men. One man placed the bucket as the ditcher dropped it in wide gage
so that it did not damage the ends of the ties, the other man watched
the tie under the wheels of the car to see that it was properly placed,
and the foreman supervised the entire operation. It was found neces-
sary to provide two flagmen with work train crew in order to properly
protect this operation on both tracks.

Unloading Stone.—The stone was unloaded by dragging it out from
the hoppers of coal cars in which it was received, and spread by means
of a tie placed on top of the rail ahead of the trucks.

Raising Track.—Track was raised in the usual manner and tamped
with ballast forks, with a slight re-tamping with bars, with a gang of
about 31 men, average raise being 5" with maximum of 6^". Stakes
were set giving grades for the entire length of the job.

Surfacing.—Surfacing was done at first with a 12' IngersoU-Rand
tie tamper, this later being augmented by two tour-tool tie tampers as
the gang was increased and more men were available. Final surfacing
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consisted in a raise of about Yz" and thorough tamping. The average

gang covering this operation was 32 men. It will be noted that this was
the slowest operation and in order to increase the speed of the entire

program it will be necessary to provide at least two 12-tool tie tampers

and sufficient men to properly operate them.
Dressing and Lining.—This was done in the usual manner, most

of the lining being done ahead of the tamping gang, and the final line

being touched up at the same time track was dressed after surfacing had
been completed.

In order to keep an accurate record of this work it was found neces-
sary to make use of a daily report, which was sent in each night by the

foreman in charge. This report was watched veiy carefully by the

supervisor to see that it gave the actual conditions in the field. In addi-
tion to this daily report, a running report showing daily progress of the

work was kept in this office, copy of which js attached.

It can be seen from the report that the results obtained from this

work were not what it would be possible to obtain provided a sufficient

number of men were available to carry on an out-of-face operation. It

will be noted that although the total working days on this program were
84, the number of days for each operation ranged from 20 to 59. This
is, of course, due to the fact that certain men were changed from one
operation to another continually in order to keep each operation sep-
arated by the proper interval, so that no one gang was held up by the
preceding one. The average rate of progress was 100 ft. per day. There
is no question that with an organization of between 125 and 140 men
and possibly two ditchers and two screens, the average rate of progress
could be increased to about 350 ft. per day. The organization would be
practically the same as shown under column "Average Men Per Opera-
tion," with a slight increase in the cribbing gang, double the men in the
screening gang and the remainder of the men in the surfacing gang. It

will be noted that although the expenditure for this work amounted to

over $25,000 this season, the total miles covered were but 1.57.
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Cost of Ballast Cleaning

June 6 to September 13, 1924, Inc., 84 Working Days

Exhibit M-3
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ROAD "B" Exhibit M-4
Section and Extra Gang Labor

Number of Units and Average Cost per Unit by Classes of Work for
Year Ending October 31. 1924

Description of Work
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ROAD "B" Exhibit M-4-a

Section and Extra Gang Labor

Number of Units and Average Cost per Unit by Classes of Work,
Month of October, 1924

Description of Work

Av. cost one man-hour of labor
Grassing track and cutting sod line

Mowing and burning right-of-way

Dressing ballast shoulder

Unloading ballast

Applying chatts or gravel ballast

Applying slag or rock ballast

Applying sand, cinders or earth

Inserting ties in chatts or gravel ballast.

.

Inserting ties in slag or rock ballast

Inserting ties in sand, cinders or earth. . .

.

Inserting switch ties

Lining and surfacing track in chatts or
gravel ballast

Lining and surfacing track in slag or rock
ballast

Lining and surfacing track in sand, cinders
or earth

Laying rail

Spotting track

Applying tie plates

Tightening bolts

Units and
Unit Costs
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ROAD "K" Exhibit No. M-6

A Comparison of Labor Costs of Various Maintenance of Way Op-
erations with Those Shown on Page 790, Vol. 25, of the Report
on Economics of Railway Labor

Economics of Railway I.abor
Exhibit "A," Vol. 25, page 790,

Bulletin 261

Number
of Ties

Number
Man-Hours

Man-Hours
per Tie

Road "F"
Labor Distribution

During 1923

Number
of Ties

Number
Man-Hours

Man-IIours
per Tie

Spotting ties in rock, ce-

menting gravel and slag
ballast

Spotting ties in pit run and
washed gravel and cinder

Spotting in ties while sur-

facing

Putting in switch tics in

rock cementing gravel
and Slag

Putting in switch ties in pit

Run and washed gravel
and cinder

Surfacing and dressing track
in rock, cementing gravel
and slag

Surfacing and dressing track
in bank run gravel

Surfacing and dressing track
in washed gravel, pit

gravel cinder
Unloading and distributing

rail and fastenings
Laying new rail

Laying second-hand rail . .

.

L'ncoupling old rails

Loading old rail and fasten-
ings

Applying tie plates
Unloading ties

124,356

970,843

575,701

92,550

643,363

341,701

0.7450

0.6627

0.5935

378,643

261,166

399,789

278,770

166.757

246,687

0.7359

0.6385

0.6170

Number
Sets

1,165

48,126

Number
Man-IIours

35,667

Man-Hours
per Set

82.289

Number
Sets

482

Number
Man-Hours

38,935

74.113 132 9,549

Man-Hours
per Set

80,767

72.272

Feet
of Track

1,332,549

1,022,481

1,795,344

2,594,529

2,009,056
1,101,472

1,836.854

2,213,487

Number
Man-Hours

452,345

289,020

.400,253

51,703
331.514
143,864
45,099

46,148

Man-Hours
per Foot

0.3400

0.2826

0.2228

0.01993
0.1650
0.1306
0.02456

0.02085

Feet of

Track

289,280

87,373

173,281

65,422
65,422
25,985

65,422

65,422

Number of

Man-Hours

197,289

36,827

31,364

1,648

5,624
2,071

4,663

1,030

Man-Hours
per Foot

0.6820

0.4215

0.1810

0.0252
0.0860
0.0790
0.0710

0.0160

Number

2.188,156

839,287

Man-Hours

132,865
38,351

Man-Hours
Each
0.06072
0.04569

Number

14,771

1,033,852

Man-IIours

1,491

53,560

Man-Hours
Each
0.1009
0.0518



984 Economics of Railway Labor

ROAD "D"

Average Man-Hour Equivalents of Various

Operations

Number
of Ties

Exhibit No. M-7

Maintenance of Way

Number Man-Hours
Man-Hours per Tie

113,958 0.848

405,689

196,993

0.690

0.544

Number Man-Hours
Man-Hours per Set

12,390 74.2

76.257,182

Number Man-Hours
Man-Hours per Ft.

Operation
Spotting ties in rock and cementing

gravel ballast 134,361

Spotting ties in bank run washed
gravel and cinders 589,387

Spotting ties while surfacing 361,687

Number
of Sets

Putting in switch ties in rock and
cementing gravel ballast 167

Putting in switch ties in bank run
washed gravel and cinders 750

Number
Trk. Ft.

Surfacing track in rock and cementing
gravel ballast 2,859.290

Surfacing track in bank run gravel
ballast 1,803,599

Surfacing track in washed gravel and
cinders 4,048,792

Dressing track in rock and cementing
gravel ballast 1,168,595

Dressing track in bank run gravel

ballast 897,719
Dressing track in washed gravel and

cinders 1,853,083

Unloading and distributing rail and
fastenings 2,497.996

Laying new rail 1,669,732

Laying second-hand rail 1,132,411

Uncoupling old rail 1,523,059

Loading old rail and fastenings 1,847,623

Number
of Units

Relaying turnout 192

Applying rail anchors 411,088

Applying tie plates 1,178,982

Cleaning weeds from tracks (track

miles) 2,054

Number
of Ties

Unloading ties 458,498

Number
of Cars

Unloading gravel ballast 13,779.5

Unloading cinders 4,068

Tabulation covers period of eight months, January to August, inclu-

sive, 1924.

481,057

324,293

626,923

104,345

93,986

138,599

34,119

220,007

155,694

39,033

29,751.5

0.168

0.180

0.155

0.089

0.105

0.075

0.014

0.132

0.137

0.026

0.016

Number Man-Hours
Man-Hours per Unit

15,211

20,065

71,825

79.3

0.049

0.061

120,328 58.6

Number Man-Hours
Man-Hours per Tie

25,419 0.056

Number Man-Hours
Man-Hours per Car

37,314 2.71

38,792 9.54
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Appendix B

(2) METHODS OF PROGRAMMING MAINTENANCE OF
WAY WORK, LOOKING TO THE MOST ECONOMICAL
APPLICATION OF LABOR.

E. T. Howson, Chairman, Sub-Committee; Lem Adams, A. F. Blaess,

A. S. Butterworth, H. A. Cassil, A. Craine, J. L. Haugh, C. E.

Johnston, J. B. Alabile, W. A. Murray, W. H. Penfield, R. L. Schraid,

F. M. Thomson, R. C. White.

Your Committee is of the opinion that no single factor exerts a more

direct influence on the efficiency with which maintenance of way work

is handled than its orderly prosecution throughout the year. This neces-

sitates the preparation of a budget in which the funds available are

allotted to those projects which it is considered most important to carry

on. When this budget is approved and the amount of work to be done

fixed, it is then necessary to prepare a program or schedule for this

work if it is to be done to the best advantage. It is essential that the

budget be approved and the program completed sufficiently in advance to

enable the materials to be assembled and the forces to be organized to

the best advantage. It is then equally important that executive, operating

and engineering officers adhere to this program as strictly as possible,

for if deviations in even relatively unimportant details are permitted, the

entire program will soon become ineffective through other and more

serious interruptions.

It has long been recognized in industry that uniformity in volume of

work and continuity in operations are essential to the maximum efficiency

and that as these decrease, the cost of work rises. The seasonal character

of much maintenance of way work makes a uniform force impractical on

many roads, particularly in the more northerly climates, although not to

the degree commonly believed. However, more serious than the fluctu-

ations in force due to seasonal conditions are the wide fluctuations from

month to month with variations in earnings and without regard to the

most economical season and manner of conducting the work. These fluc-

tuations exert a heavy toll on maintenance of way operations in the way

of added costs because of the decreased efficiency in the force which

inevitably results from such practices.

Your Committee believes that if the loss which results from this

practice was realized more fully by railway managements, the continu-

ance of this condition would not be tolerated. It is the common practice

to do the maximum amount of work when traffic is heavy and earnings

good, although it is at this time that men are most difficult to secure and

of the poorest qualitj', wages highest and the cost of doing work
increased by the heavier delays from traffic. While the financial condi-

tion of some roads may make this method necessary, this condition is

not necessary to the financial security of the average road and it can

effect large economies if it is willing to forego possible adverse show-



986 Economics of Railway Labor

ings in net earnings for certain months in order to secure improved

earnings at the end of the year.

To secure the most effective results from a program, it should be

applicable throughout the entire department. It should be system-wide

in scope and should be extended down to the individual gangs, for it is

only where all activities are co-ordinated that the best results are secured.

For this reason your Committee has sub-divided the consideration of this

subject into three sections, each of which is made the subject of a sep-

arate report. These sub-divisions are as follows: (1) The preparation

of a maintenance budget and program and the equalization of main-

tenance of way and structure expenses for a system; (2) the extension

of this program to the track work of the local Division Supervisor or

Roadmaster and his foreman; (3) the preparation and application of a

program for the maintenance of bridges and other structures.

(1) THE BUDGET

A system budget of maintenance of way and structures expenses

should be based upon the physical requirements of the property, modi-

fied to conform to the authorized annual expenditure. Primarily the

quantities of rails, cross-ties, switch ties and ballast required for the

year to meet the physical standard set for the property should be stated.

The labor required to apply these materials can then be determined in

man-hours or in terms of money value. These conform to sub-accounts

(a) (b) (c) of Account No. 220. Other items of track labor falling

principally within the following accounts cannot be stated readily in

terms of the physical requirements for the year, but they can be esti-

mated upon the most reliable data available to each carrier and added

to the foregoing to determine the total amount of track labor required.

Account 202. Roadway maintenance.
Account 220. (d) to (h) inclusive, track maintenance

and other expenses.
Account 221. Right-of-way fences.

Account 225. Crossings and signs.

Account 272. Snow and ice.

Bridge, building and signal maintenance material and labor may also

be determined from the records of each carrier as appear most reliable

and stated separately as to material and labor.

A grouping of other items entering into maintenance of way and

structures expenses can be made under the following headings

:

Work trains.

A. F. E. operating charges.

Transportation department charges.
Maintenance of equipment department charges.
Miscellaneous.

A budget may be prepared for the year, sub-divided to indicate the

expenditures to be made each month and then authorized in its entirety,

or it may be authorized from month to month or from quarter to quar-

ter. It is the more common practice to authorize expenditures monthly

in order to afford an opportunity for the adjustment of a program to
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correspond with earnings. This adjustment, however, defeats the pur-

pose of a budget in large measure since it insures little or no continuity

of program from one month to another. To overcome this defect in

part the Union Pacific has developed a plan of quarterly budgets whereby

it authorizes the expenditures for each month by quarters. At the begin-

ning of the year a budget is prepared for the entire year and the expen-

ditures required for each of the first three months are authorized. Prior

to the end of the first quarter the budget for the year is allocated to the

second three months and appropriations made accordingly. While this

gives an opportunity to adjust the program for changes in traffic quar-

terly, it also gives reasonable certainty of the continuity of a program

for at least three months. The authorizations include the quantities of

ties, rail, ballast and track labor and also the expenditures for the prin-

cipal roadway accounts. This quarterly program has been in effect four

years and has proved effective in systematizing and regulating main-

tenance expenditures and also in providing a forecast of expenditures

which, combined with the forecast of revenues and other operating re-

sults, produces a forecast of net income. As the budget is prepared, it

has resulted in large measure in the elimination of the disorganization

of gangs which it may be necessary to re-employ later.

Even more eflfective is the preparation of a budget for the entire

year and the authorization of appropriations on that basis. A form now
in use on some roads for a system budget in line with the annual appro-

priations, appears below

:

Railroad

Maintenance of Way and Structures Budget—Year

Month
Item Jan. Feb. March Etc. Total
Payroll $ 5,225,600
Bridge, building and miscel-

laneous material 680,000
Rail 663,440
Ties 1,450,240
Ballast 280,420
Other track material 1,151,740
Worktrains 240,000
A.F.E. operation 830,000
Transportation department 215,000
Maintenance of equipment 190,000
Miscellaneous 800,000

$11,726,440

Material (Quantities)

Rail, new, tons 32,000
Rail repair, tons 26,000
Crossties, number 1,000,000

Switch tics, number 40,000
Bridge ties, number 12,000

Ballast stone, tons 160,000

Ballast gravel, tons 200,000
Ballast, other, tons 150,000
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A budget in similar form can be prepared for each region, or district

of the system conforming to the jurisdiction of the general officer in

whom is vested the responsibility for the maintenance of the property

and the expenditure of funds. With such authorities in hand, the officer

in charge of maintenance is in position to develop a program of work
for the season.

EQUALIZATION OF EXPENSES

The deterioration of railway property is fairly uniform throughout

the year depending in part on the elements and in part on the wear and

tear of use. The maintenance of the property to overcome this deteriora-

tion, however, is not uniform, for because of climatic conditions it is

necessary to concentrate a large part of this work in the spring and

summer months. This leads to abnormally low expenditures and result-

ing high net earnings during the winter months when the work of repair

fails to keep pace with the deterioration and the reverse during the sum-

mer. To overcome this condition in part it has long been the practice of

many roads to distribute the charges for one or all of their heavier

renewals, rails, ties and ballast, uniformly throughout the year. While

this practice tends to distribute the charges in proportion to the wear

and tear on the property so far as these items are concerned and also

tends to curb in part the necessity for retrenchment when traffic falls oflf,

it affects only a part of the charges, for it leaves the largest item of all

and the one which suffers most from fluctuations, namely, labor, subject

to direct charge as expended and thereby to curtailment.

To reduce the incentive for these measures and thereby to promote

economy of maintenance the Interstate Commerce Commission, in Sec-

tion 19 of its special instructions for the classification of operating ex-

penses, effective July 1, 1914, has authorized the railways to equalize their

monthly charges for the repair of fixed improvements by including in

appropriate primary accounts a uniform proportion of the amount of

authorized estimates of such expenses for the year.

By an order of the Commission at a session on June 2, 1924, a revised

Section 19 was submitted which permitted equalization of authorized bud-

gets or estimates for maintenance of fixed improvements, by dividing such

authorized estimates into equal parts corresponding to the number of

months remaining in the year after the adoption of the maintenance

program.

The order further specifies Account 280, "Equalization Way and
Structures," for showing each month the adjustment necessary between

actual expenditures included in the other primary accounts and the equal

monthly proportion of the estimated or authorized maintenance expense

for the period.

The authorization by the Commission of such optional procedure on
the part of carriers is a recognition of the principle of freedom of action

which should rest with public service corporations, and may further be

construed as a suggestion to carriers of the opportunity provided for
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efficient practice, which should not be lost upon officers of railroads

charged with the responsibility of efficient and economical management
of their departments of way and structures.

Recognition of the fluctuating income and consequent need for vari-

ation in authorized expenditures is given, and it is not to be suggested

for one moment that authority for expenses shall be so vested in the

hands of maintenance officers in such manner as to destroy the control

essential to financial stability of the corporation. However, the exercise

of such control so as to result in constantly fluctuating forces which are

increased and decreased many times during the working season causes

a material loss, and it is essential that any beneficial measures that will

in any way mitigate the effect of such action be adopted.

The opinion has been suggested that the equalization of expenses as

an accounting proposition is unsound, i. c., that "the function of accounts

is to show facts, not ends desired but unattained." The maintenance officer

is charged with a greater responsibility than simply showing the facts as to

the money expended. He must show efficient accomplishment and satis-

factory condition of property.

Maintenance materials are worn out equally as rapid during seasons

when it is not practical to affect their renewal as they are during work-

ing seasons. Even as a reflection of property condition, as it may be

gathered from the accounts, the financial statement of a property which

had made use of the equalization account would be more truly represen-

tative than one whereon the wear and tear of a winter season's traffic

had accrued and was not offset by any showing of the accounts simply

because the conditions for undertaking repairs were adverse.

Further, by using Account 280 as specified in the order of the Commis-
sion, the expenditures shown- for each primary account are actual and

the facts of the expenses are just as accurate as though the equalization

account were not in force.

The establishment of an equalization account presumes the prepara-

tion of a budget. In turn, the charging of the budget authorities into

the accounts in equal installments corresponding in number to the months

of the period for which the budget is provided, requiring the use of an

equalization account, makes possible the development of a program of

work and the acquisition of all force, equipment tools and material needed

to complete it.

It is apparent that there might be much concern aroused if the rela-

tively heavy initial expenditures needed to make a season's work economical

were charged in the particular month or months in which they were made

;

their automatic distribution by means of the equalization account dissipates

that concern and permits the economical conduct of the work. This applies

to the acquirement of equipment, tools and materials as well as to the

application of extraordinary- though wholly consistent quantities of rails,

ties, ballast and other materials.

It should be noted that equalization as provided for in the existing

order of the Commission is charged to the one account—280. It is
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purely an accounting transaction. Actual expenditures to the individual

primary accounts are made as customary; there is therefore no confusion

as to accounts nor any question as to the facts of the actual expenditures.

The application of the equalization charges or credits in the one account

so as to give equal monthly total expenses was made possible by the

later and existing order of the Commission.

It is apparent that the fiscal policy of some roads may cause it to be

inexpedient for them to divide their annual maintenance expenses into 12

equal parts or into any number of equal parts corresponding to the num-
ber of remaining months following the preparation of the budget as pro-

vided by the present order of the Interstate Commerce Commission. The
optional use of this order and the latitude afforded by it would put no

restriction on such carriers, while permitting many of the roads

to take advantage of its provisions in the economical programming and

execution of their work. Further economies in maintenance are also pos-

sible through the use of maintenance reserve accrual accounts which
would not be subject to the requirement that they be cleared at the close

of each year, and it is suggested that carriers be given more freedom of

action to adopt such further means as are best suited to their individual

conditions.

The operation of an equalization account is reflected in the following

statement which would be indicative of the program of work typical of

the season and the situation with respect to availability of labor and mate-
rial on a railroad in the middle Atlantic and Central states

:

Original Actual Expenses
Month Budget Expenses Equalisation Charged
January $ 600,000 $ 530,520 Dr. $ 449,480 $ 980,000
February 600,000 576,050 • Dr. 403,950 980,000
March 760,000 760,656 Dr. 219,344 980,000
April 1,160,000 1,042,204 Cr. 62,204 980,000
May 1,240,000 1,200,080 Cr. 220,080 980,000
June 1,360,000 1,250,443 Cr. 270,443 980,000
July 1,400,000 1,264,348 Cr. 284,348 980,000
August 1,320,000 1,309,226 Cr. 329,226 980,000
September 1,120,000 1,181,652 Cr. 201,652 980,000
October 880,000 1,092,185 Cr. 112,185 980,000
November 720,000 865,628 Dr. 114,372 980,000
December 600,000 653,448 Dr. 292,992 946,440

$11,760,000 $11,726,440 Dr. $1,480,138 $11,726,440

Cr. 1,480,138

In the control of expenses, attention would be directed to the com-

parison of actual expenses with the original budget. Any variation be-

tween the two would probably be the same as if there were no equaliza-

tion account, for such variation depends upon the season, the assembly

of force and materials, etc.

The advantage of the equalization account is that despite the accom-

modation of the program of work to such variations, there is no disrup-

tion of that program due to the necessity for conformance to authorized
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actual expenses. The program continues until changes in authorities are

justified by the business of the company. As such changes are possible

of forecast for periods exceeding one or more months, revised budgets

are possible in sufficient time to provide for a methodic reorganization of

force and materials to match.

THE DIVISIONAL PROGRAMMING OF TRACK WORK
In the extension of its season's program for track maintenance to the

local sub-divisions and sections, the Illinois Central has, so far as the

Committee has been able to ascertain, developed a plan more complete

than any other road. For this reason the methods in effect on this road

will be described in some detail, this description being supplemented by

a synopsis of the replies received from a number of representative roads

showing the practices in effect on those properties.

On the Illinois Central System, so far as practicable, a regular main-

tenance budget is prepared at the beginning of the year to be followed

during the current working season (copy of form marked Exhibit "D" is

attached). This in turn has been distributed among the various divisions,

where it is allotted to the different Supervisors, and these men in turn

plan with their foremen the work to be performed on each section.

In preparing an annual maintenance of way budget for the system,

the different divisions are requested to submit recommendations for the

amount of labor and materials of the major items to be used.

In arriving at the data necessary for the preparation of a carefully

worked up division budget, Roadmasters discuss contemplated work with

their Supervisors, and when possible make a motor car trip over their

various districts, or at least part of them, accompanied by the foremen

over their sections. The need for the various kinds of work is observed

carefully and following this a summary of work to be recommended is

made for the division as a whole. This includes renewals of rail, ties

and ballast, number of tie plates and rail anchors required, the amount

of track to be surfaced, ditching to be done, etc.

Division recommendations, after completion, are forwarded to the

General Superintendent's office, where they are turned over to the Dis-

trict Engineer on the General Superintendent's staff. The District Engi-

neer analyses the division recommendations and then forwards them to

the Engineer Maintenance of Way with his recommendations and those

of his General Superintendent. The Engineer Maintenance of Way com-

piles a consolidated report for the System and presents it to the manage-

ment, outlining clearly the requirements for the ensuing year, and how
the expenditures are to be distributed by months.

So far as rail, ballast and tie renewals on the Illinois Central Sys-

tem are concerned, a reserve fund is set up and the expense thereof dis-

tributed equally over the twelve-months period. This permits the han-

dling of rail, tie and ballast programs without interference so far as

retrenchments are concerned, and has worked out very satisfactorily.
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Although in the early part of the year a maintenance budget or pro-

gram is worked up, due to various conditions that arise from time to

time, it is necessary to vary therefrom more or less. Therefore, in order

that conditions of this kind can be met it is the practice to put out allow-

ances on a monthly basis.

About the tenth of each month the Roadmaster of each division pre-

pares (on Form 1105, Exhibit "A") recommendations as to the main-

tenance work to be done during the following month. These are for-

warded to the General Superintendent of the grand division. In addition

to this form the divisions are required to support their recommendations

as shown on Form 1105 with an explanatory letter going more into detail

as to the expenditures proposed for each item or account. The District

Engineer on the Genferal Superintendent's staff reviews these recom-

mendations and if he considers them conservative they are forwarded to

the Engineer Maintenance of Way, who compiles recommendations for

the System which are submitted to the management for approval.

Upon receipt of approval of these recommendations from the man-
agement, the Engineer Maintenance of Way holds in his office what is

termed an expense meeting. These meetings are held in the latter part of

the month preceding the month for which the allowance has been granted,

and are attended by the General Superintendents and District Engineers

for their grand divisions and the Superintendents and Roadmasters for

their respective divisions. At such meeting subjects of general interest

to all are discussed. Following this, work recommended for the follow-

ing month on each division is discussed in detail by primary accounts

with the General Superintendent, District Engineer, Superintendent and

Roadmaster, at which time it is agreed what the division allotment will be.

Following this the Roadmasters distribute their allotments to their

resoective Supervisors, who in turn distribute their allotments among
their regular section and extra gangs. The amount of work allotted by

Supervisors to their sections is made, as far as practicable, with a view

of carrying out work on the respective sections in accordance with the

plan which had been previously planned. Efforts in this direction have

not met with success in every instance, but the work is being carried on

with this end in view and it is felt progress has been made.

Foremen are required to make a daily report of work performed on

a printed card provided for that purpose. These reports are forwarded

to the Supervisor, who compiles a consolidated report for his district,

and forwards it to the Roadmaster. The Roadmaster compiles a con-

soMdated report for the entire division. Such reports enable the Super-

visor to keep in close touch with the work and if it is not progressing

satisfactorily, he can initiate measures to correct it immediately.

The report compiled in the Roadmaster's office enables him to keep

in close touch with and control his expenditures. In order that the Engi-

neer Maintenance of Way may be able to control expenditures for the

System, each division is required to make a daily mailgram report of

maintenance of way expenditures. From these reports a statement is
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prepared each day, which shows the amount expended, compared with the

allowance for the month (see copy of form used for preparing this

information, marked Exhibit "B"). It will be noted that this report con-

tains the major items and has been found exceptionally useful in check-

ing and controlling monthly allotments.

In addition to the daily mailgram report, each division is required

to make a monthly progress report on a form which covers the principal

items, such as the amount of rail laid, the number of cross and switch

ties used, the amount of track surfaced, the amount of each kind of bal-

last used, the man-hours worked during the month, personal injuries,

stock struck, motor car accidents, bridge work done, tie plates and rail

anchors applied and overtime worked. Each item is compared with the

expenditures for the corresponding period of the first and second years

immediately preceding (see copy of form used for this report, marked

Exhibit "C").

During the current year many Supervisors have adopted the use of

this same form for a monthly report so far as work on their respective

territories is concerned, although no arbitrary instructions have been

issued that this form be used by all Supervisors. This may be done in

another year, as it is felt that the information shown on this form will

stimulate increased interest by reason of allowing Supervisors to make a

comparison of the current year's work with that of the two years previous.

It is felt that programming work and handling it systematically so

far as it is practicable to do so on a large property will result in greater

uniformity and increased eflficiency and will enable maintenance officers to

give their work more intensive supervision. With this in mind the Illinois

Central System has established a program for various classes of work
to be done periodically. A copy of this program is attached, marked
Exhibit "E".

This program does not include tie, rail or ballast renewals. There

has been considerable discussion as to the proper time for making tie

renewals. Some roads advocate starting tie renewals as early in the sea-

son as conditions will permit, and make a special effort to get their ties

applied early in the year, or at least by the middle of the working season,

while others carry on their tie renewal work with their regular main-

tenance work during the working season.

It is the general practice on the Illinois Central System to give the

track a general lining and smoothing to put it in a good riding condition

at the opening of the spring work. Following this, general maintenance

work is started, tie renewal work being carried on concurrently with the

maintenance work, with a view of having the ties in place on the north-

ern and western lines by October 1 and on the southern lines by Octo-

ber 15.

There has been so much uncertainty in rail deliveries that it has not

always been possible to follow any well-defined plan for making rail

renewals, but this work is handled during the course of the season as

rail deliveries are made.
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This also applies to ballast to a limited extent, although ballasting is

usually started after the demand for open top cars for coal service slack-

ens. A reasonably well-defined plan for making ballast renewals has

been worked out and followed.

The Sub-Committee wrote 19 representative railroads in the United

States and Canada, of which 9 were Eastern roads, 4 Western roads, 2

Southern roads, 3 Southwestern roads and one a Canadian road, request-

ing them to report on the practices which are in effect on their railroads

for divisional programming of track work for the Supervisor and fore-

man. Replies were received from 11 of these roads. A synopsis of their

replies is attached.

The members of this Committee are of the opinion that it is desir-

able for every railroad to make a comprehensive study of its needs from

a maintenance of way standpoint the latter part of each year for the

ensuing year, and from this prepare carefully a budget to be followed

during the year, such a budget to be submitted to the management, clearly

presenting the necessity for the work proposed. In the event the man-
agement does not approve the budget so prepared, it would be desirable

to secure the approval of a budget that could be followed in planning the

season's work. With the approval of an annual maintenance budget, it

devolves upon the general officer in charge of maintenance to apportion

this allotment among his different divisions, such distribution to be made
so the amount appropriated will maintain the property in the best pos-

sible condition for the amount expended.

Following the distribution of the budget to the divisions. Division

Roadmasters or Division Engineers should in turn distribute the amounts
allowed them for various classes of work among their Supervisors. Super-

visors should then go over their several sections with the foremen for

the purpose of discussing work contemplated on each section and work-
ing out a schedule to be followed. Even though a carefully prepared

maintenance budget cannot be followed literally, it can be used as a

guide and will be very helpful in bringing about better maintenance con-

ditions, greater uniformity and increased efficiency.

The members of this Committee are of the further opinion that it

will not be practicable to establish a criterion that can be followed by all

railroads for programming their maintenance of way work, but they feel

that the practices in use on a number of representative railroads should

be presented as information and as a guide to those interested in making
a study of this feature of maintenance work.

SUMMARY OF REPLIES

J. B. Mabile, Chicago, Rock Island & Pacific Railway.—Recommenda-
tions prepared by the divisions are submitted to the general officers and
as soon as the allowance for the district is received, a distribution by
divisions is prepared. The Division Engineer, after conferring with the
Roadmasters, Master Carpenter and Signal Supervisor, distributes his
allowance, showing labor and material, to each foreman. It is the inten-

tion to go into the programming of maintenance of way and structure work
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in a more comprehensive manner next year, following somewhat along

the lines of the Illinois Central. Does not prepare a special program for

the season's work. Each division has certain programs to be followed
out as nearly as possible each year, but they arc seldom the same on
different divisions.

A. N. Reece, Kansas City Southern Railway.—It is the practice on
the Kansas City Southern to prepare a maintenance program for the

year's work in which is set up the units of labor and materials to be
consumed during the year. In so far as programming the work during the

year is concerned, we program the principal items as follows: (1) Tight-

ening Bolts, etc.—Starting February 1 the forces tighten bolts and if the

frost is out of the ground put the track in surface in advance of tie re-

newals, which start March 1. (2) Tie Renewals.—These start March 1

and are reported upon by Supervisors each two weeks until completed.

It is anticipated that main line renewals will be completed by July 1 and
ordinarily we expect both main line and side track renewals to be com-
pleted on that date. (3) Ditching and Right-of-way Cutting.—Ditching

is started July 1 and worked on until August 15, when it is discontinued

until right of way cutting is completed about September IS, after which
ditching is resumed. (4) Ballasting.—This is carried as a special item

and is reported on weekly in letter form, giving the amount of track

raised and the amount completed each week by individual gangs, covering

the territory on which this class of work is being done. (5) Track Sur-
facing.—This work is not programmed generally other than in connection

with ballasting. It is our plan to surface with extra gangs one engine

district each year on each division, the object being to resurface and line

each division completely once every four years.

The programming of work has not reached the point where separate

report forms are prepared. However, we have daily time slip and report

forms which are utilized on each section and extra gang and from which
the daily performance of each gang is recorded on summary sheets in

the Division Engineer's office, which enables the Division Engineer to

keep in close touch with his program work and expenditures during the

month. Summary reports are made by Division Engineers to the Chief
Engineer at the close of each month, giving a summary of each class of

work under way so that the Chief Engineer can note readily the progress

being made on each individual item.

F. J. Stimson, Pennsylvania Railroad System.—The Southwestern
Region of the Pennsylvania System has no definite method of program-
ming maintenance of way work further than on very broad general

grounds such as (a) putting the track in general line and surface imme-
diately after the frost is out of the ground ; (b) renewing main track
cross-ties with a view of having the ties in track by the middle of June
or the first of July; (c) surfacing track out of face as soon as the ties

in main track tie renewals are completed, covering the entire section by
the end of September; (d) at three stated periods, all sections beginning
at the same time and continuing until the work is finished, scuffing of
weeds on roadbed; (e) all sections beginning mowing right-of-way at

the same time and completing work as soon as possible; (f) at four def-

inite periods, all sections tighten main track joint bolts.

The above is more of an ideal than a practical schedule. Very fre-

quently conditions arise which interfere with the work outlined above.
Scuffing of weeds off of roadbed and keeping section neat stimulates a

desire for similar neatness in regard to the essential track conditions.

The scuffing of weeds three times a year is more economical than scuf-

fing twice since weeds become sturdier if allowed to grow for a longer

period.
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Programming work where the Supervisor lays out each daj^'s work
for each foreman does not develop the best type of men for track main-
tenance work. Programming should be along essential broad lines and
each foreman should fix his own schedules for doing the work. The
Supervisor should talk with and help the foreman in making his sched-
ules, but carefully avoid so handling the matter that the foremen lean
upon him as the source from which they secure their ideas of what to
do, where to do it and when to do it.

W. P. WiLTSEE, Norfolk & Western Railway.—Rail renewals are
made by extra forces from November to March, inclusive. Tie renewals
are started in March and completed as early as possible. Ballast renew-
als are commenced in April and closed up during September. General
surfacing is done principally by the ballast forces during the progress
of the ballast renewals. Ditching, widening banks and raising shoulders
are all done together and at such time as conditions demand. Mowing
right-of-way is started some time in July and completed in two weeks.
The run of maintenance work above mentioned has become a custom
with our maintenance of way forces, therefore no special schedules are
necessary.

R. E. Keough, Canadian Pacific Railway.—This road does not have
a regular schedule to follow but does follow a fairly definite program.
This is necessary due to the short working season. Winter track work
involves handling snow and ice, followed by the major portion of shim-
ming from December I to May I, when the majority of the shims have
been removed. Such work is detailed in the maintenance of way rule
book which each foreman carries.

Tie renewals start about May 1st and are pushed vigorously to com-
pletion. Rougher spots are picked up at intervals after shims are re-
moved and after tie renewals are finished. Following this is regular
surfacing and lining. Weeding and mowing are attended to with lining
and surfacing to put track in shape for the winter.

Tie plating or fencing is frequently deferred until fall since it can
be done after frost is in the ground. Fence posts are set with wire work
left when convenient for "after frost" time. Rail renewing and ballast-

ing followed regular scheduled plans.

W. A. Murray, New York Central Railroad.—Track Supervisors are
furnished with a program or schedule covering the major items of their
season's work. They are also furnished with statements showing new,
relayer, siding and yard rail, cross-ties, switch timber, ballast, tie plates,

anti-creepers and fence material allowed each sub-division for the year's
maintenance. No particular amount is assigned to be installed per week
or month.

The Supervisor guides the foreman (section and extra), receiving
daily reports from them. He consolidates the weekly reports and they
are forwarded to the Engineer Maintenance of Way. The Track Super-
visor shows on a progress chart the weekly work performed in tie re-
newals, surfacing, etc., which chart is forwarded to the Engineer Main-
tenance of Way, allowing the weekly, monthly and yearly progress on
each section to be followed.

Right-of-vvay is mowed usually during August or conforming to
state laws. Ditching is carried out by section forces as conditions per-
mit, showing work done on daily report. Fence renewals are made by
section gangs during the late fall and early spring and usually by fence
gangs in summer.

No general inspector is employed on tie renewals but foremen are
held responsible with Supervisor's supervision for removal. Ties are
not destroyed until they have been inspected by the Supervisor or possibly
by the Division Engineer.
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A. J. Neafie, Delaware, Lackawanna & Western Railroad.—Road-
masters, Supervisors and foremen are furnished annually with their

equation and man-allowance to maintain the track under their super-
vision properly. The summer working force, effective April 1 to No-
vember 1, is on an equated basis of ^ man per equated mile on a ten-

hour day basis, and il man on an eight-hour day basis. The winter
schedule is ^ man per equated mile on an eight-hour basis.

Rail is purchased in the fall and laid during the winter months, prac-
tically all before April 1. Track locations are carefully inspected for

new rail requirements by supervising officers prior to removal and rail to

be removed is carefully selected for minor branch main line locations.

A complete rail budget is made up after January 1 for new rail laying

and the disposition of rail removed.
All ties are treated, adzed and bored for various bases of rail and it

becomes necessary to check all locations for tie renewals carefully to

enable a tie budget and schedule of distribution to be made for the

year's work. Ties are carefully checked by foremen. Supervisors and
Roadmasters. Tie plates, screw spikes and track fixtures are furnished
on a budget covering tie and rail requirements.

This company raises heavy main line tracks on a basis of every four
years. It is necessary for a section foreman to raise a certain percentage
of his section yearly, the percentage to be raised being based on the

length of his section. The maximum raise under maintenance work
should not exceed two inches. Ballast requirements are based annually
on the above method. Other ballast requirements exceeding a two-inch
raise are handled under authority.

Right-of-way is mowed the first time on July 1 and the second time
during the month of September. Ditching and general cleaning are per-
formed during September and the annual inspection and prize awards
are made effective as of November 1.

C. E. Welwer, Central of Georgia Railway.—This road formulates
a program for rail and tie renewals and general surfacing. The date is

fixed for cutting the right-of-way and also for commencing general
ditching and embanking. No form is in effect for the particular use

of the Supervisor and foreman, but a progress chart is kept on rail and
tie renewals, also on general track surfacing by sections. Roadmasters
prepare statements of tie renewals and track surfacing by sections at

the end of each month and they are circulated among the foremen and
Supervisors, so that each foreman can see what he has accomplished as

compared with the rest of the foremen on the district. This has a
stimulating effect on the foremen.

In ballast renewals it is the practice to give track a general raise

when ballasting, giving it the amount of additional ballast necessary to

restore it to standard section. This is not a scheduled program beyond
providing whatever ballast is necessary.

Lem Adams, Union Pacific System.—The Engineer Main-
tenance of Way receives allowance and program for each division, giving
allowance for the total number of ties, miles of rail and cars of ballast

they may use. The actual location is determined by the Division Engi-
neer and the Engineer Maintenance of Way. Division forces are re-

quired to keep within their allowance and in turn make their own sub-
division programs.

The Los Angeles & Salt Lake Railroad and the Oregon-Washington
Railroad and Navigation Co. handle their work approximately the same
as the Union Pacific.

F. M. Thomson, Missouri-Kansas-Texas Lines.—This road makes
a set program for tie renewals, ballast repairs, grassing track, cutting

right-of-way and ditching, but not for each individual gang. No definite
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I. C. R. R. Co.
Y. & M. V. R. R. Co.
C. M.-G. R. R. Co.

Estimated Expenditures for Main

FORCE
Classification of

Employes
No. of Man- Rate of

Employes Hcurs Pay Total Amount of W; ges

Total

QUANTITIES OF MAJOR MATERIALS

Cu. Yards
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tenance of Way and Structures Exhibit A
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Statement Showing Estimated Maintenance of Way

Accounta

Track Force—Incl. Foremen
Ditching and Embanking
Ties
Ballast
Rails
Frogs and Switches
Other Track Material
Grass and Weeds
Roadway Mach., Tools, etc
Repairs of Track
Crossings and Signs
Right-of-Way Fences
Snow Fences
Shop Grounds
Superintendence
Water Front Protection
Bridges
Tunnels and Subways
Shops and Enginehouses
Station and Office Buildings
Water Stations
Fuel Stations
Docks and Wharves
Signals and Interlockers
Miscellaneous Work
Special Work
Maint Joint Fac.—Dr
Maint. Joint Fac.—Cr
Slide Work
Dredging
Paving
Construction—F. L. Thompson
Construction—A. F. Blaess
Contingencies
Whole Line Expenses
Spikes and Belts Program Rail
Scale Work
Sidetrack Rail
Maintenance of Construction Work . . . .

Tie Plates "Operation"
Welding Rail Joints
Work Authority Jobs—C. R. Knowles
Chicago Term. Imp. "Reserve"
Ties "Reserve"
Rails "Reserve"
Frogs and Switches "Reserve"
Other Track Material "Reserve"
Ballast "Reserve"

Totals

Quantities
Section Foremen ,

Extra Gang Foremen
Assistant Foremen
Track Laborers
Rail, New (Miles)
Rail, Second-Hand (Miles)
Cross-Ties (No.) "Reserve"
Switch Ties (No. of Sets)
Bridge Ties (No.)
Ballast, Rock (Cu. Yd.)
Ballast, Washed Gravel (Cu. Yd.). . .

.

Ballast, B. R. Gravel (Cu. Yd. )

Teams Mowing R. of W. (Money)
Teams Ditching (No.)
Slide Work (Money)
Chemical Weed Killer (Money)
Weed Burner (Money)
American Ditchers (No. Pairs)
Jordan Spreaders (No.)
Ballast, Slag (Cu. Yd.)

Man-Hours—Section Foremen
Man-Hours—Ex. Gang Foremen
Man-Hours—Asst. Foremen
Man-Hours—Track Laborers

Total Man-Hours—Track Force.

Money—Section Foremen
Money—Ex. Gang Foremen
Money—Asst. Foremen
Money—Track Laborers

Total Money—Track Force .

Jan. Feb. March April
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Exhibit D
Expenses Year 1925—1. C. R. R. and Y. & M. V. R. R.

May June July Aug. Sept. Oct. Nov. Dec. Total
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number of hours or amount of material is assigned to be used in any
specific time. A tie count for renewal is made by each section foreman
for next year's renewal and then consolidated by sections, divisions and
Superintendents' districts. A check is made by the roadmaster and dis-

trict engineer and the allotment of the number of ties per mile is pre-

pared from this check. Most of the ties are in by June 30.

Chatts ballast repairs and oiling are done during the latter part of

July. Rock ballast is grassed during July and October. Branches, side-

tracks and yards are grassed in July, September and October, according

to the growth of the vegetation. The right-of-way is mowed from fence

to fence during August. Hand ditching, cleaning out ditches, opening

up culverts, etc., with section gangs is done over the System during

September. Machine ditching, bank repairs and rail relaying are pro-

grammed in detail as to locations. The time of starting and conipletion

are governed by the funds available for the work. Fence repairs and
overhauling are programmed from July to November during the period

of greater earnings and better working conditions.

During 1923 the M'.-K.-T. has extended its programming of main-
tenance work more than any previous year, and it has been proved to

increase output and lower unit costs. They anticipate the working out

of more maintenance items into definite detailed programs than in effect

this year.

W. J. Backes, New York, New Haven & Hartford Railroad.—Sec-

tion forces are allotted on the basis of the force required during summer
and winter. Tie allotments for a definite number of ties to each section

and each Supervisor are made up in the fall of each year. The rail

program is prepared and allotted by Supervisors' territories after a check
is made of the requirements asked for by each division.

An attempt is made to lay lain track rail between January and May
1, and to commence instalHng ties as early as the season will permit,

about April 1, attempting to have the work completed about August 1.

Serious consideration is being given to lining up section work on a pro-

gram basis in accordance with the recommendations of A.R.E.A., but

the plan has not advanced to the point where a definite outline can be
given.

Paul Hamilton^ Cleveland, Cincinnati, Chicago & St. Louis Rail-

way.—A definite program for laying new rail and relayer rail, ties and
ballast, is prepared, showing the mileage, ties per mile, amount of bal-

last to be applied, etc. A copy of each report is placed in the hands of
each Division Engineer and Supervisor. Weekly progress reports are

made. No program is prepared on ditching and general surfacing of

track or mowing of right-of-way.

PROGRAMMING BRIDGE AND STRUCTURE MAINTENANCE

As far as the heavier and more important work is concerned, it is

the fairly common practice on most roads to prepare programs for the

repair of bridges, buildings, water stations and other structures. This

condition arises from the necessity of inspecting these structures suffi-

ciently in advance of their repair to enable the amount and character of

the work to be done to be ascertained and the materials ordered, assem-

bled and delivered at the site of the work prior to the arrival of the

gang. For this reason it is the fairly common practice to make a

detailed inspection of these structures each fall to determine the work

which it will be necessary to do during the coming year. The manner
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of making this inspection, in so far as it applies to bridges, trestles and

culverts, has been developed by the Committee on Rules and Organiza-

tion, approved by this Association and published in the Manual (1921

edition, page 610). Similar rules for the inspection of buildings and

other structures are also in effect on most roads and will not be discussed

here.

From the information gained on this inspection, the division and

system maintenance officers are enabled to determine the amount and

character of the work to be done during the ensuing year and to make

up bills of the material required for the various points and the approxi-

mate dates at which they should be delivered at those points. This in

effect constitutes a program in a measure, although it is not commonly

prepared with any degree of definiteness as to the actual date the work

should be undertaken or the order in which it shall be prosecuted. In

its investigations the Committee has found one road, however, which

carries this program of its bridge and building maintenance to the point

where a definite schedule is prepared for each gang preliminary to the

ordering of material for use the following season in order that this

material, which is largely creosoted timber, may be shipped direct from

the treating plant to the point of use so as to reach there immediately

prior to the arrival of the gang, insuring its availability when desired

and at the same time enabling it to be unloaded with the minimum cost

by the gang which will use it and with little delay to equipment. This

railway is the Midland Valley on which this plan has been in effect for

three years.

The adoption of creosoted timber as standard construction for bridge

work led to the ordering of timbers for particular structures to permit

them to be framed to dimensions before treatment and thereby conserve

the benefit of the treatment. From the information secured on its annual

inspection, this road prepares a detailed program of the work to be done

during the following year. From this a working schedule is prepared in

detail for each of its bridge gangs, showing the order of the work which

each gang will undertake, the estimated time of arrival at each job and the

time required to complete it before proceeding to the next. Following

the completion of this working program, an order is placed with the

treating plant for the framing and preservation of the timber required

for each structure, with the date on which the material for each struc-

ture is to be shipped from the plant. The blanket order for the season's

timber requirements, which is given to the treating plant in December of

each year, shows the number and size of the individual timbers required

for each bridge, their destination and the date on which they are to be

shipped from the treating plant.

As a result of this plan it has been found possible to have the pile-

driver crews ready to start driving very shortly after the arrival of the

piles, to have the decking and other timbers delivered while the piles are

being driven and to have the bridge gangs ready to install the deck shortly

after the timber is received. While it has been necessary to deviate from
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this program occasionally to combat floods and meet other emergencies,

it has been found possible to adhere to it with surprising accuracy. Thus
in September, 1924, the gangs were only two days behind the schedule

which had been prepared for them nine months previously.

Conclusions

Your Committee submits the following conclusions, which it recom-

mends for adoption by the Association and publication in the Manual.

The orderly prosecution of maintenance of way work throughout the

year is essential to its most economical conduct. It is promoted by:

(a) The preparation of a budget of the work to be done during

the year and the authorization of this budget for the year, if possible,

or quarterly at least, sufficiently in advance of the inauguration of the

work to enable materials and men to be collected in an orderly manner.

(b) The equalization of expenditures on roads where it is practical

in accordance with the plan authorized by the Interstate Commerce Com-
mission to eliminate the wide fluctuations in expenditures from month to

month.

(c) The preparation of a detailed program in which the work
authorized is scheduled so that it may be done at the most economical

season consistent with the most efficient utiUzation of forces.

(d) The carrying of this program down to the local divisions and

to the individual gangs on those divisions in order to enable the work
of these men to be directed to the best advantage.



REPORT OF COMMITTEE III—TIES

W. A. Clark, Chairman; W. J. Burton, Vice-Chairman;
M. S. Blaiklock, H. C. Hayes,
R. S. Belcher, R. M. Leeds,

Bernard Blum, G. P. MacLaren,
E. Betts, a. F. Maischaider,
H. A. Cassil, a. J. Neafie,

J. K. Conner, G. P. Palmer,
R. L. Cook, L. J. Riegler,

E. L. Crugar, J. H. Roach,

J. F. Deimling, S. E. Shoup,
A. R. Dewees, C. U. Smith,
S. B. Fisher, J. W. Willlams,
John Foley, W. W. Wysor,
G. F. Hand, R. C. Young,

Committee.

To the American Railu'ay Engineering Association:

Your Committee respectfully presents herewith report covering the

following subjects:

(1) Substitute Ties

:

(a) Report on Ties Under Test. (Appendix A)
(b) Design of a Substitute Tie. (Appendix B)

(2) Ties of Foreign Woods in this Country. (Appendix C)

(3) Specification for Tie Plugs. (Appendix D)

A Sub-Committee consisting of G. P. Palmer, E. L. Crugar, H. C.

Hayes and C. U. Smith conferred with a Sub-Committee from Commit-

tee Xn and agreed upon changes in maintenance rules relating to ties.

Action Recommended

1. That the report on Substitute Ties be received as information.

2. That the conclusion, relating to foreign woods, in Appendix C,

be approved for publication in the Manual.

3. That the report on Specification for Tie Plugs, Appendix D, be

approved for publication in the Manual.

Recommendations for Future Work

1. Revision of the Manual (particularly use of dating nails and

specifications for same).

2. Substitute ties.

3. Continue investigation and report on anti-splitting devices for

ties.

4. The extension of Service Test Records for the purpose of fur-

nishing information for the study of economics of ties, conferring with

the Committee on Wood Preservation.

5. Investigate and report on proper size hole to bore for each size

of spikes.

6. Marking of ties for recording service.

Respectfully submitted.

The Committee on Ties,

W. A. Clark, Chairman.

Bulletin 275, March, 1925.
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Appendix A

REPORTS FROM RAILWAYS MAKING TESTS OF
SUBSTITUTE TIES

W. J. Burton, Chairman, Sub-Committee; E. Betts, H. A. Cassil, L. J.

Riegler, J. H. Roach, W. W. Wysor, R. C. Young.

Baltimore & Ohio.

Reported by Earl Stimson, Chief Engineer Maintenance.

Date—July 31st, 1924.

Kind

—

Metal Ties.

Fifty of these metal ties placed in service in May, 1909, were removed
in January, 1924, after a continuous service of 14 years 8 months in the

same location. The cause of removal was due .to the inability of the ties

to keep the track to gauge and line, which it later developed was due to

the fracture of the ties through the vertical reinforcing web. About 75

per cent, of the ties had failed.

The traffic over the ties amounted to about 15 million tons per year,

which gives them as severe a test as could be desired.

The ties gave satisfactory service for about 13 years, but the cost

of maintenance was high, due to the renewals of the wooden blocks.

Kinds

—

Wyckoff Steel Ties.—Four ties installed in December, 1921,

are still in service and in good condition. The rail fasteners are tight

and track is kept to gauge. Timber parts still are solid.

Cleveland, Cincinnati, Chicago & St. Louis.

Reported by Hadley Baldwin, Chief Engineer.

Date—August 11, 1924.

Kind

—

Carnegie.

There has been one of these ties removed during the past year on ac-

count of the top flange breaking down under the base of the rail.

A recent inspection shows considerable corrosion of all of the ties

and quite a number of holes have developed in the web. Many of the

ties not yet removed are buckling and indications are that many of these

ties will have to be removed before very long.

This makes a total of 30 ties which have been removed from the

total of 3,000 placed in 1906.

Delaware, Lackawanna & Western.

Reported by G. J. Ray, Chief Engineer.

Date—May 15, 1924.

Kind

—

Haedman.

For the information of the Committee . I am sending you herewith

two photographs of the Hardman ties which have been removed from our

test track at Dover.
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The ties were placed in track in April, 1917. Eight of them were

removed up to 1920, and the balance, twenty-two, in April, 1924.

Hardman Ties—Removed, 1924

Hardman Ties—Removed, 1924
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Detroit, Toledo & Ironton.

Reported by J. M. Bennett.

Kind—U. S. Indestructible.

Date—July 17, 1924.

We have 50 United States Indestructible concrete ties in service, in-

stalled May, 1923, which have proven satisfactory to date.

Our only objection to these ties is on account of their size and weight.

We have to dig up too much road bed to install and they are too heavy

for a small gang to handle.

Duluth & Iron Range.

Reported by W. A. Clark, Chief Engineer.

Date—July 22, 1924.

Kind

—

Carnegie.

Since our last report we have removed IS Carnegie Steel Ties on

Mile X-1, on account of their being broken or crushed.

Kind

—

Hatch.

The Hatch ties of reinforced concrete, which we laid about a year

ago, are still in track and all in good condition. Accompanying photograph

shows this installation.

Hatch Reinforced Concrete Ties

Duluth, Missabe & Northern.

Reported by W. H. Hoyt, Chief Engineer.

Date—July 16, 1924.

Kind

—

Carnegie.
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Linear feet of Steel Switch Ties used in Renewals 468,734

Linear feet of Steel Switch Ties used in Construction 51,903

Total 520,637

Linear feet of Steel Switch Ties taken up account Renewals 101,423

Linear feet of Steel Switch Ties taken up account Track Retired... 51,407

Total 152,830

Linear feet of Steel Switch Ties in Track at present 367,807

Steel Cross-Ties

Number of Steel Cross-Ties Laid in Track 15,509

Number of Steel Cross-Ties Removed 6,946

Number of Steel Cross-Ties in Track July 1st, 1924 8,563

Steel Cross-Ties removed as follows

:

Year Number
1916 50

1917 260
1918 182

1919 453

1920 306
1921 1,165

1922 641

1923 2,620

1924 1,269

Total 6,946

Kansas City Southern.

Reported by A. N. Reece, Chief Engineer.

Date—August 1, 1924.

Kind—IcKES Concrete Tie.

As advised in my letter of July 20, 1923, these ties were removed from

the main line in October, 1922, and placed in an industry spur at a time

when we were changing the section of rail in the main line. The original

installation of the 27 are still in place, 6 are cracked through the center,

2 additional are cracked near the bearing surface, and 2 additional are

cracked in other places, or a total of 10. If they were in service in the

main line, 2 would have to be removed, but in their present service, in an

industry spur where traffic is light and movement slow, the track is safe.

Lake Erie & Western.

Reported by J. K. Conner, Chief Engineer.

Date—June 24, 1924.

Kind—BuHRER Concrete.

The 5 ties installed in 1903 were removed from our track June 18,

1924. The Buhrer concrete ties which we installed have now all been

removed from our track.
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Long Island Railroad.

Reported by E. M. Weaver, Engineer Maintenance of Way.
Date—July 14, 1924.

Kind

—

Carnegie.

Nothing to report.

Norfolk & Portsmouth Belt Line.

Reported by George S. Shafer, President.

Date—July 14, 1924.

Kind

—

American Concrete Tie.

The 18 concrete ties, in reference to which I wrote you August 13,

1923, are still in our track, and in good condition, giving excellent service.

On Sept. 18, 19, and 20, 1923, we installed 100 of these ties in one stretch

in our track ; at this point the track is on a 2 degree curve, and on Oct. 20,

1923, we installed 20 of these ties in maintenance, 2 to each 33 ft. rail

These 120 ties are all in good shape and giving proper service.

Pennsylvania System (Eastern Region).

Reported by W. G. Coughlin, Chief Engineer Maintenance of Way.
Date—July 18, 1924.

Kind^CHAMPiON.

Over these ties line and surface is rather poor. Many ties are badly

slewed and spacing is very irregular. This irregularity is due to the ties

being pushed along through cinder ballast by the anti-rail creepers. This

is caused by the fact that the ties do not offer sufficient resistance to the

movement through the ballast on account of the small surface. The fact

that the track is in such poor surface is caused by the narrowness of the

bed, which does not offer sufficient bearing surface. The slewing of the

ties on account of rail creeping tightens gauge and forces spikes out

through block, eventually permitting the gauge to widen. The track can-

not be kept in good line and surface with these ties.

Pennsylvania System (Central Region).

Reported by W. D. Wiggins, Chief Engineer Maintenance of Way.
Date—October 20, 1924.

Kind—RiEGLER Concrete.

The 15 Riegler concrete ties are in the eastbound freight track at

Emsworth, Pa., and have now given 16 years' service. They were in-

spected October 6, 1924, and found in good condition, except that the

concrete was somewhat crumbled under the rail on one tie. All the clips

were tight. During the year, repairs were made to the concrete in four

ties. This track is on the spiral to a curve, laid with 130-lb. rail, and

carries about 20,000,000 tons per year.

Kind

—

Snyder Compostte.

Eight hundred twenty-one of these ties were placed in track in Octo-

ber, 1907, and 683 ties are still in track. They are in good condition except
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a few on which the clips have become worn. One thousand six hundred

of these ties were placed in track in October, 1907. Two hundred were

moved from this point to Pitcairn Yard this year. There are 830 ties still

in track at Conemaugh. Their general condition is good except a few

mashed under the rail and with worn clips.

Pitcairn Yard.

Two hundred moved from Conemaugh Yard in 1924 in good condition.

Last inspection of the Synder ties was in September, 1924. No ties

have been removed from track during the past two years.

Kind

—

Metal Safety Railway Tie.

Twenty of these ties were placed in the westbound freight track at

Wampum, Pa., November 1, 1922. All of the ties are still in track, and

were inspected last on October 8, 1924. The rail and joints were changed

this year. The ties are in good condition except for slight cracks under

the rail in three ties, probably due to the reinforcement around the rail

seats being rather light for the traffic over this track. The ties are easy

to tamp, being only 4 in. deep under the rail but somewhat hard to hold

to line on account of the smooth bottom. It is also necessary to cut off

the bottom flange of joint bars, where these ties are located.

Pere Marquette.

Reported by J. E. Johnson, Division Engineer.
^

Date—July 24, 1924.

Kind

—

Kimball.

There are no further developments since our last report on this tie.

Pittsburgh & Lake Erie.

Reported by A. R. Raymer.

Date—August 20, 1924.

Kind

—

Atwood.

The Atwood steel ties were removed from our tracks on October 29,

1923, and are being held for a while for inspection purposes.

Kind

—

Standard.

The Standard steel ties are still in our company's westward main track

at Glassport where they have been since May 4th, 1914. It will not be

necessary to renew any of the wood block fillers this year.

Pittsburg, Shawmut & Northern.

Reported by J. N. Thompson, Superintendent, Maintenance of Way.

Date—July 22, 1924.

Kind

—

Carnegie.

Below is complete data with reference to the Carnegie steel "I" beam
ties in use by this company:

1. Date of installation • 1907

2. Number installed 795

3. Previously removed 747

4. Removed since last report 8

5. Number remaining in track 40



Ties 1017

The 8 ties were removed account of web crushing. The average

weight of the ties removed is 137 lb. The weight per tie at time of installa-

tion was 177 lb.

Southern Pacific Lines.

Reported by H. M. Lull, Chief, Engineer.

Date—July 29, 1924.

Kind

—

Indestructible.

Inspection made of the Indestructible concrete ties in the test installa-

tions near Eagle Pass, Texas, made on February 20th, 1924, shows that

the ties are apparently in as good condition as when they were installed.

There is no indication whatever of impending failure.

We are preparing to make 100 more concrete ties of this design to

carry on further test in main line under heavy traffic. Full information

with respect to additional test installations will be given you as soon as

the work is accomplished.

Reported by W. H. Kirkbride, Engineer Maintenance of Way
and Structures.

Date—July 29, 1924.

Kind—GooDLET.

Of the ties remaining in track two are apparently in good condition

except for slight decay of the wood block on which the rail is seated, while

the others have broken ends. The good condition of these two ties is evi-

dently due to redwood ties placed between on account of the spreading of

rails; the redwood ties actually carrying the larger part of the load.

Believe this experiment can be considered as closed at this time.

Terminal Railroad Association of St. Louis.

Reported by H. J. Pfeifer, Chief Engineer.

Date—July 22, 1924.

Kind

—

Chamberlin.

The Chamberlin ties are still in service. They will have to be removed

within the next few days as the guage is getting wide and there is no

way to make an adjustment. The ties are also broken through the center.

Bessemer & Lake Erie.

Reported by F. R. Layng, Engineer Track.

Date—October 20, 1924.

Kind

—

Carnegie.

We have purchased no steel ties since last report to your Committee.

We have approximately 600,000 steel ties in our main tracks and sidings

at the present time, and they are giving satisfactory service. We do not

expect to make any purchases of steel ties in the near future ; our renewals

at the present time being made with wood ties.
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St. Louis-San Francisco.

Reported by F. G. Jonah, Chief Engineer.

Date—August 15, 1924.

Kind

—

Grant.

Installed 4 Grant steel ties in a wye track at Sapulpa, Okla. August

7, 1914. The track where these ties were installed is a very heavy traffic

track. The ties were placed in cinder ballast and under 75 lb. rail.

Kind—Clark or Applegate.

In December, 1914, 125 Clark steel ties, sometimes known as Apple-

gate steel ties, were installed in our main freight line through Springfield,

Mo., this track being on about 14 in. of chatt ballast, and of 85-lb. rail.

I have had these ties rechecked and find there are still in service 125

ties, none having been removed. However, about two years ago we
renewed all the wood blocks. The ties at the present time are serving

their purpose and the only thing I see wrong with them is the fact that

they are very badly oxidized, and due to the heavy coat of rust it will

probably only be a short time until we will have to take some out of

the track.

Wheeling & Lake Erie.

Reported by W. L. Rohbock, Chief Engineer.

Date—September 19, 1924.

Kind—MuNSLOW.

There were 25 ties originally installed in our main track in September,

1916, and reports indicate as of June 15, 1922, there were still 15 of these

ties in the track, and that out of these 15, 7 required renewal on account

of rail seat breaking down. Our last inspection as of September 8, 1924,

indicates all of the ties have now been removed from the track, the

remaining few ties having been taken out last spring due to damage by

derailment.

Los Angeles.

Reported by B. H. Eaton, Engineer Way and Structures.

Date—July 16, 1924.

Kind

—

McDonald.

These ties are still in track and there are no new developments which

would be of interest to the Committee.
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Tests of Substitute Ties Now in Progress—1924

Railroad
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Appendix B

DESIGN OF SUBSTITUTE TIES

This subject was assigned last year and report carried over to this year.

The Tie Committee has previously reported the causes of failure of

substitute ties which have been tried out and the following list is taken

from page 250 of Vol. 24.

(1) Lack of efficient protection against corrosion.

(2) Failure of rail fastenings.

(3) Failure of insulation.

(4) Loss of beam strength due to weakening tie in vicinity of
rail to accommodate rail fastening features.

(5) Use of sharp interior angles or square holes, from which
cracks are developed.

(6) Lack of resistance to damage from derailed wheels.

(7) Design of base of tie such as to render tamping difficult

or impossible and such as to make maintenance of proper
surface of track difficult.

(8) Design of tie such that track will not hold line or such
as to make lining of track impracticable.

(9) Lack of beam strength causing breakage on yielding

roadbed.

(10) Lack of protection in concrete ties from abrasion by
ballast.

(11) Lack of provision for expansion in combination ties of
steel and concrete.

Previous reports discuss these causes of failure. As between the

eleven causes listed, the first three are considered the most serious, because

all of the others can be overcome or lessened with proper design, while

present knowledge does not make it certain that such design can so reduce

the failures from the three causes as to enable the substitute tie to compete

with the treated wood tie. If a substitute tie could be produced at a cost

no greater than the treated all wood tie, it would have to last only slightly

longer than the wood tie to justify its use. But no substitute tie has

yet been produced which has not considerably exceeded the wood tie in

cost and which, therefore, is required to have a life greatly in excess of

that of the wood tie in order to reduce the annual cost to no greater

than for the wood tie.

Corrosion.

Corrosion is no doubt the most important and at the same time the

most difficult to overcome of the causes of failure. The iron or steel of

a tie is under conditions much more conducive to corrosion than almost

any other part of a railroad. Moisture is retained by the ballast, the

cinders almost always present furnish the acidity, and the abrasion with

the ballast under traffic tends to remove protective coatings or to expose

fresh metal where there is no coating.
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This same difficulty from corrosion, although not so pronounced, is

had with tie plates and other track fastenings. In the last few years

tie plates containing a small percentage of copper have been under trial

and the results so far secured point to this method as a possible solution

for the tie problem. Addendum "A" contains some quotations from

letters giving results with copper content tie plates.

There is also included, as Addendum "B," a bibliography of recent

articles on the subject of corrosion.

Rail Fastenings.

The same difficulty with corrosion has frequently been the principal

cause of the failure of fastenings on substitute ties. This applies to

those ties mainly composed of concrete as well as those made principally

of steel. In addition, however, to the failures due primarily to corrosion

of fastenings, other ties have been discarded because the fastenings did

not provide for the essential adjustments occasioned by changes of gauge

or width of rail base and for vertical play between the underside of the

rail fastening and the top of the rail base.

Paragraph "Fastenings" on page 249, Vol. 24, best covers the

requirements as regards the broad subject of substitute tie design. In

connection with the designing of a specific tie further consideration to

detail should be given.

Table "A" shows the variable distances from center line of track

to the inside and outside flanges of the rail for the most important

rail sections.

Table A

—

Variation of Rail Flanges

Rail
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The variations for the outside flange are greater than those for the

inside, as follows

:

Inside Outside
Greatest variation, all types and
weights 1/2" 1-1/16"

Greatest variation of any one type
A.R.A.-A 5/16" 1/2"

A.R.A.-B 31/128" 55/128"

P.S 3/16" 11/16"

D.L.&W
N.Y.C 1/4" 1/4"

A.S.C.E 13/32" 23/32"

Variation for one step

A.R.A.-A 80-90 7/32" 9/32"
90-100 3/32" 9/32"

A.R.A.-B 80-90 19/128" 29/128"
90-100 3/32" 3/16"

P.S. 85-100 19/240" 71/240"
100-130 13/120" 47/120"

D.L.&W. 101-105

N.Y.C. 101-105 .'

105-120 1/4" 1/4"

A.S.C.E. 70-75 5/64" 5/16"
75-80 5/64" 5/16"
80-85 1/16" 1/8"

85-90 1/16" 1/8"

90-100 1/8" 1/4"

It would seem unreasonable to go to any expense to provide for

variation greater than required for one step. It will be noted that the

greatest variation for one step on the inside flange is 1/4 in. from 105-lb.

to 120-lb. N.Y.C. rail. The greatest variation for outside flange is

47/120 in. for the step from 100-lb. to 130-lb. P.S. rail. We recommend,

therefore, that where possible an allowance be made of 1/4-inch for the

inside flange and 1/2-inch for the outside flange.

Allowances to enable adjustments for rail wear are desirable and

are in a measure provided for by the above allowances for different rail

sections. It is questionable as to how much regaging is done because

of rail wear. Give in spikes, tie cutting and cant seem to be the chief

causes of regaging rail, that due to rail wear being relatively small.

If the substitute tie has wood blocks for supporting the rail the

chief causes noted above will apply, but regaging can be done as with

wood ties. If the substitute tie is of steel or concrete with a metal

bearing, the chief causes above will be eliminated. We recommend,

therefore, that in designing a substitute tie that no additional expense

be incurred in providing allowances for rail wear.

The fastenings should be so designed as to provide a vertical free

way where desired, to take care of rail deflection, irregular conditions

of surface, etc.

Provision in substitute ties for slight inward cant of rail is desir-

able, and provision against outward cant is necessary. In tfes having

wood blocks, allowance should be made for extended tie plate area out-
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side of the rail; in steel and concrete ties, this is not as necessary,

though desirable.

Summing up, in designing a substitute tie, allowances should be

made in fastenings for changing rail sections of 1/4-inch on inside of

rail and 1/2-inch on outside, and for vertical free way between the

fastenings and rail flange. Provision should 'be made to cant the rail,

if canting is desired.

Insulation.

One of the most troublesome features of most substitute ties has

been the insulation between the two rails. The commonest expedient

is to place a thin fibre plate between the top of the tie and the bottom'

of a flat bottomed tie plate. Failures of this type of insulation are

usually caused by the pounding of the plate due to looseness of the

assembly and to leakage around the edges of the fibre plate. Such leakage

is greatly promoted by the accumulation of steel particles and dust worn
off from wheels and flanges and dropping on the plates. If the edge

leakage can be overcome or sufficiently reduced, a fibre plate 1/8-inch

thick will probably furnish sufficient insulation. This thickness is used

in the insulated lap joint gage plate (A.R.A. Sig. Sec. 1454) as recom-

mended by the Signal Section and approved December, 1923. It is

general experience that insulated switch rods give very little trouble and
require practically no attention after installation.

The Committee therefore recommends that if the substitute tie be

insulated by fibre plates, such plates be 1/8-inch to 1/4-inch thick, of

ample size, and that the fibre plates project beyond the base of the tie

plate 1/4-inch all around to retard leakage across the edges of the fibre

plates. Means should be provided to hold the steel and fibre plates

tight to the tie, so that all play will be between the base of the rail and
the steel plate.

Other materials at present being tested for this purpose are bakelite

and soft rubber sheets about one-fourth-inch thick, but data as to results

is not available.

The question of satisfactory means of insulation with substitute ties

is one of those requiring actual tests and development resulting there-

from.

Patent Situation.

In Bulletin No. 9 of the Division of Forestry, this being a report

on the use of metal railroad ties prepared by Mr. E. E. Russell Tratman,
dated 1894, the statement is made that up to 1894 a total of about 750

United States patents had been issued for various forms of substitute

ties. At the present time the Committee understands there are several

thousand. As was true in 1894, and as pointed out by Mr. Tratman, the

proportion of these with useful or practical ideas is very small. The
inventor very frequently, if not almost always, has had very little exact
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knowledge of the requirements. However, of the great number of

patented ties, some probably contain desirable or even essential features,

although the ties containing such features may be otherwise worthless

and impracticable.

It is considered impossible as well as undesirable for the Committee

to attempt to give any consideration at all to specific patents.

In connection with this subject the Committee, through the Board

of Direction, has secured legal opinion from General Counsel, Associa-

tion of Railway Executives, which may be summarized as follows

:

(1) Neither the Committee nor the Association is rendered
liable for the incorporation into suggested designs of
patented features.

(2) The railroad company using ties containing such designs
would be liable to the owner of the patent.

(3) The measure of the liability of the railroad using a number
of such ties for test or other purposes would be the profit

which the patentee would lose from the use by the railroad

of the patented article without securing the consent of the

patentee. In other words, the measure of damages would be
the amount which the patentee would have made if its

consent had been obtained.

It will be observed from the above that for test purposes the liability

incurred is very small. As the entire purpose of the designing and

testing is to produce satisfactory substitute ties, and as such testing

would be of benefit to the patentee, it is the belief of the Committee

that the patent situation may be ignored and that in the event of the

creation of successful substitute ties, the patent situation will take care

of itself. The incorporation of a patented feature into a design recom-

mended by the Committee for test should be beneficial to the patentee.

Designs of Substitute Tie.

The substitute tie, two variations of which are suggested in the

drawings herewith, is purposely designed to be made from standard

sections, although special sections would probably be better. The Com-
mittee fears that if special sections were recommended, few, if any, ties

of this general form would be tested. The ties shown can be readily

made in almost any railroad shop and it is hoped that a considerable

number may be tested.

These ties are considered as suitable for insertion in track between

wooden ties and should not take an undue proportion of the load from

the adjacent ties. One difficulty with certain steel ties when placed

between wooden ties has been that because of their greater stiffness

the steel ties took more than their share of the load and failed on that

account sooner than the same ties failed when laid out of face. It is,

however, not unlikely that tests will indicate that special channels, with

deeper flanges, would be better for this purpose than the standard

channels.

The insulation of the bolts from the tie plates and main channels is

intended to be obtained with fibre bushings and washers.
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The accommodation to rails of different base widths is intended to

be made by changing the clips or the tie plates.

These ties contain no provision for shimming and they would there-

fore probably not be suitable for use where extensive shimming is

practiced.

The blocks under the main channels can be made of treated timber,

or of concrete, or other material. If of treated timber, because of their

relatively small size and because of their protection from excessive

stress or crushing, these blocks can be made of cheap material such as

second-hand car material.

It would be very desirable to use copper content steel for these or

other ties to be tested.

The Committee recommends that these and similar ties be tested

under traffic. As defects are developed by the tests, efforts should be

made to overcome same by such improvements and changes as are sug-

gested by the results of the first tests and in this way progress made
towards satisfactory ties. The Committee feels that while no substitute

tie can compete with treated wooden ties on an annual cost basis with

the present relative prices for timber and substitute materials, it is never-

theless desirable to have developed the best substitute tie before possible

changes in the relation between timber and substitute material prices

might make the substitute tie desirable for extensive adoption.

62
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Addendum "A"

REPORTS ON RESULTS WITH COPPER CONTENT STEEL
IN TIE PLATES

From letter September 17, 1923, J. V. Neubert, Engineer Maintenance

of Way, New York Central Railroad

:

"We have at this writing approximately six to six and a half million
(copper content steel tie plates) now in track. Practically all of these
are steel or similar composition containing .25 of one per cent of copper.
For this copper added to the standard specifications as noted above, we
have been paying the mills $2.00 per ton additional, which they claim is

necessary to compensate them for the handling of the application of the

copper.
"The copper added to the regular specifications is beyond the experi-

mental stage with us as we feel that we are more than compensated by
the absence of corrosion and oxidation, particularly on the bottom or
unexposed portion of the plate where it is continuously moist throughout
its service.

"As a general proposition we do not use malleable or wrought iron

tie plates except for experimental use. From a service standpoint we feel

that the copper steel plates are preferable.

"The reason I stated that we are beyond the experimental stage is,

from 1913 to 1919 we had some tie plates in service with the regular
and other special plates containing copper, which gave us the principal

basis of conclusion in the use of copper.
"As information, we are also using the same proportion of copper

for experimental purposes in our track spikes."

From letter August 25, 1923, C. A. Paquette, Chief Engineer, Cleve-

land, Cincinnati, Chicago & St. Louis Railway:

"We are now using tie plates which have an alloy of copper and
also some spikes ; these tests, however, have not been under way long
enough to form any definite conclusion.

"With respect to steel ties: We placed 3000 of these ties in the
track in 1906, and to date 29 have been removed, of which 21 removals
were caused by the failure of the top flange directly under the rail and
8 because of failures of the web of the tie. The web failures resulted
from corrosion of the metal so that holes developed through the web.
In the flange failures, the top flange broke off on each side of the rail

seat and these fractures united under the rail through the web. In many
of the ties still in service there is evidence of buckling of the web. This
condition is caused by weakening of the section through corrosion.

"The ties are laid in gravel ballast and the corrosion is such as
occurs from moisture retained in the ballast. There are no brine drip-
pings over this track worth mentioning. It is difficult at this time to

predict how much longer life we will get out of the remainder of the

ties, but I apprehend an increasing number of them will be removed
each year."

From letter, July 28, 1923, J. H. Roach, Valuation Engineer, New
York Central Railroad

:

"I discussed the subject with Dr. P. H. Dudley, Consulting Engineer
Rails, Tires & Structural Steel for New York Central System Lines.
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Our system is now using copper alloy in tie plates and spikes, .25 per
cent being introduced. He showed me two specimen tie plates which he
has had under exposure to the atmosphere here for two years, one the
ordinary steel tie plate and the other with the copper content. The
former showed thick and heavy rust scale and the other simply a small
percentage in area of light rust spots. As his views may be of interest
will add that he regards the copper alloy as the best corrosion preventative
and protective paint coatings next. He does not regard galvanizing or
shearardizing of much importance and practically dismisses the manufac-
ture of iron in the pure state."
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Addendum "B"

BIBLIOGRAPHY ON RUST PREVENTION IN STEEL

American Electro Chemical Society

Watts, Oliver P.

Principles of alloying to resist corrosion.
(Transactions of the American electrochemical society, v. 39:253-56;
1921).

Discussion : p. 256-64.

Aupperle, J. A., and Strickland, D. M.
Observation on the corrosion of iron and steel.

(Transaction of the American electrochemical society, v. 39:123-33;
1921).

A record of tests on pure iron, copper iron, plain steel and copper
steel.

Discussion : p. 133-40.

Buck, D. M.
Some observations on the mechanism of the increased corrosion
resistance of steel and iron due to small copper contents.
(Transactions of the American electrochemical society, v. 39:109-16;
1921).
Discussion: p. 117-22.

Cushman, Alberton S., and Coggeshall, G. W.
Anomalies encountered in a study of immersion tests of iron and
steel.

(Transactions of the American electrochemical society, v. 39:81-99;
1921).

The author denies the protective action of copper in steel.

Discussion: p. 99-107.

Fuller, T. S.

Experiments on the corrosion of iron and steel.

(Transactions of the American electrochemical society, v. 39:199-208;
1921).

Copper-steels were compared with cold-rolled wrought iron, show-
ing copper to slow up the rate of rusting.

American Railway Engineering Association

American Railway Engineering Association.
Methods of protection of iron and steel structures against corrosion.
(In its Proceedings, v. 19:778; 1918).

_

Particularly the Schoop metal spraying process.

Blast Furnace and Steel Plant

Burger, G. F.

Calorizing process to prevent oxidation.
(Blast furnace and steel plant, v. 8:109-10, 212-13: Jan., March, 1920).

Bureau of Standards

Protective metallic coatings for the rust proofing of iron and steel.

1919. Bur. Stds. circ. 80. 34. p.

Outlines the various processes for depositing metallic coatings,
describes the metallography of these coatings and pages 32-34 con-
tain a selected bibliography of the different processes.
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U. S. Bureau of Standards.
Protective metallic coatings for rustproofing of iron and steel.

Washington, 1919. 34 p. 40. (Circular No. 80.)

"Selected biblography" : p. 32-34.

Chemical & Metallurgical Engineering

American electrochemical society.

Symposium on corrosion of metals and alloys. (Abstracts.)

(Chemical and metallurgical engineering, v. 24:841-45; May 11, 1921.)

Richardson, William D.
Experiments on the corrosion of iron and steel. Corrosion losses

on twenty-four different kinds of iron and steel were recorded for

a test period.

(Chemical and metallurgical engineering, v. 23:243-50; Aug. 11, 1920.)

Extracts from a paper read before the June, 1920, meeting of the

Institute of chemical engineers. "•

Hoyt, Samuel L.
Exposure tests of sheeting material. Description of the standard
sheeting tests and method followed—results graphically charted

—

conclusion : the best sheeting material is a copper bearing steel with
0.20 to 0.25 per cent copper.
(Chemical and metallurgical engineering, v. 21:142-44; Aug., 1919.)

Electro and Metallurgical Industry

Cowper-Coles, Sherard.
Deposition for zinc for protecting iron and steel surfaces. 1908.

23 p. (Publication of Cowper-Coles' galvanizing syndicate.) Not
seen.

Reprinted from Transactions of the Glasgow technical college

scientific society. Also in Electrochemical & metallurgical industry,

V. 6:159-94; May, 1908.)

Electro Chemical Society

Walker, William H.
Introduction to symposium on corrosion of iron and steel.

(Transactions of the Electrochemical society, v. 39:53-55; 1921.)

Engineering News
Oiling rails and fastenings to prevent corrosion.

(Engineering news, v. 76:847-48; Nov. 2, 1916.)

Galvanizing and Tinning
Flanders, W. T.

Galvanizing and tinning; a practical treatise on the coating of metal
with zinc and tin by the hot dipping, electro galvanizing, sherardiz-
ing and metal spraying processes. . .New York, David Williams
Company, 1916.

Industrial Press

Rustproofing processes; a treatise on the application of protective paints
and various zinc-coating and chemical processes for resisting or
preventing the corrosion of iron and steel. 1st ed. New York,
Industrial press, 1921. 59 p. 80.

Iron Age
Iron age (Editorial).

Progress in corrosion research.
(Iron age, v. 107:1125-26; Apr. 28, 1921.)
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Buck, D. M,
A review of the development of copper steel. A bibliography of
the subject. The use of the product in steel freight cars.

(Iron age, v. 106:1109-10; Oct. 28, 1920.)

Abstract of paper before American iron and steel institute. Also
in Blast furnace and steel plant, v. 8:593; Nov., 1920; in Chemical
and metallurgical engineering, v. 23:824; Oct. 27, 1920.

Journal of Industrial & Engineering Chemistry

Handy, James Otis.

Copper covered or copper clad steel.

(Journal of industrial and engineering chemistry, v. 5 :884-95 ; Nov.,
1913.)

Paper before the American chemical society.

Metal Industry

Proctor, Charles H.
An old patent covering the rust proofing of iron and steel.

(Metal industry, v. 16:259-60; June, 1918.)

Metallurgical & Chemical Engineering

Hess, Henry.
The protection of iron and steel.

(Metallurgical and chemical engineering, v. 16:13; Jan. 1, 1917.)

Epicassit process.

A nevir rust-proofing material and process.
(Metallurgical and chemical engineering, v. 16:403; Apr. 1, 1917.)

Epicassit process.

Storey, Oliver W,
The sherardizing process.

(Metallurgical and chemical engineering, v. 14:683-91; June IS, 1916.)

Alison, H. B. C, and Hawkins, L. A.
Calorizing: a protective treatment for metal.
(General electric review, v. 17:947-51; Oct., 1914.)

Reprinted in Metallurgical and chemical engineering, v. 12 :730

;

Nov., 1914.

Railway Age

Railway Age (Editorial).
The new theory of iron corrosion.
(Railway Age, v. 44:277-78; Aug. 30, 1907.)

Comment on paper of A. S. Cushman before the American society
for testing materials.

Copper in steel tin plates reduces corrosion.
(Railway Age, v. 69:146; July 23, 1920.)

Reprinted in Engineering & contracting, v. 54:256; Sept. 15, 1920; in

Iron Age, v. 106:444; Aug. 19, 1920.)

Railway and Locomotive Engineering

American Society for testing materials.

The corrosion of steel.

(Railway and locomotive engineering, v. 38:243; Aug., 1920.)

Report of tests of copper-bearing and non-copper-bearing steels.

Reprinted in Canadian engineer, v. 39 :300 ; Sept. 2, 1920.
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Railway Mechanical Engineer

Bauer, O.
The rusting of steel containing copper.

(Railway mechanical engineer, v. 95:291-92; May, 1921.)

Abstract on an article which appeared in Stahl und Eisen, Jan. 13

and 20, 1921.

Railway Review

Oiling rails and track fastenings to prevent corrosion.

(Railway review, v. 60:392-93; Mar. 17, 1917.)

On the Delaware, Lackawanna & Western.

Railway review (Editorial).

(Corrosion prevention on the Delaware, Lackawanna & Western
Railroad.)
(Railway review, v. 63:208; Aug. 10, 1918.)

Scientific American

Railroad steel tie plates rustless with copper in them, 1921. (In Sci.

Amer. v. 125, p. 169. Also in Ry. Age. v. 69, p. 146.)

New York Central lines made tests on corrosion of tie plates.

Copper treated plates lost 0.56% ; high carbon open hearth steel lost

0.59%, pure iron 1.17%, Bessemer plate 1.77%.

U. S. Bureau of Mines, Technical Paper

Clement, J. K. and Walker, L. V.
An electrolytic method of preventing corrosion of iron and steel.

Washington, Govt, print, off., 1913. 19 p. 80. (U. S. Bureau of

mines. Technical paper 15.)

For protecting iron and steel in mines against the corrosive action

of acid underground waters, as well as for protecting structures

and machinery that are exposed to the acid waters of streams.

Abstract in Engineering record, v. 68:215; Aug. 23, 1913.

Editorial comment in Scientific American, v. 109:158; Aug. 30, 1913.

American Society for Testing Materials

Three distinct sets of tests have been in progress for varying lengths

of time and none is yet completed.

(1) Thin plates (16 and 22 gauge) of various types of ferrous

metals were exposed to atmospheric conditions in three

localities—Annapolis, Md., Pittsburgh, Pa., and Fort Sheri-

dan, 111. The work was planned about 1915 and tests started

about 1917. Tests are still in progress.

(2) Preservative metallic coatings for metals. Work started in

1918 and still in progress.

(3) Immersion tests. Work planned in 1920 and under way since

then.

The articles relating to these tests are as follows

:

Vol. 15, 1915, page 130

16,
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Vol. 21, page 191, gives a brief discussion of the open air tests. A
synopsis of the conclusions is as follows

:

(1) As a result of a series of tests we must be careful not to

draw conclusions as to the deportment of the ferrous metals
when subjected to different service conditions.

(2) Low-copper metals failed first when exposed to the atmos-
phere but lasted longest when immersed in mine water.

(3) Copper-bearing metal lasted longest in the atmosphere and
failed first in mine water.

(4) The metal that failed first in the Pittsburgh atmosphere is

of a composition similar to material that has given excep-

tionally long service when used in the construction of cars,

smoke stacks and gunboats.

American Institute of Chemical Engineers

Vol. XV, part 1, page 1 ; Laboratory corrosion tests.

This article contains an extensive biblography on corrosion.

Transactions—Institution of Chemical Engineers

Vol. 1, 1923, page 102; Corrosion, an outline of our present knowledge.
This article contains a resume of chemical knowledge relating to

corrosion and also a brief bibliography of recent articles on the

subject, particularly from British publications.
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Appendix C

CROSS-TIES OF FOREIGN WOODS
R. S. Belcher, Chairman, Sub-Committee; S. B. Fisher, John Foley, H. C.

Hajes, A. F. Maischaider.

INTRODUCTION

Coincident with the attempted substitution of steel and other materials

for wood as cross-ties there have been made during the past 25 years test

installations of ties imported from other countries. Apparently the as-

sumption has been that the supply of native trees would not meet the

demand for ties in addition to other timbers, and some experiments have

been made with foreign woods reputed to be durable.

Information regarding these tests of imported ties in American rail-

road tracks was sought through the form of a questionnaire shown in

Exhibit "A." In order to get data regarding foreign woods which might

be offered for use as ties, the form of questionnaire shown in Exhibit "B"

was sent to members and correspondents in other countries. The answers

to these questionnaires are the bases of this report. The information from

them has been supplemented by abstracting material from the publications

referred to through the report. All the Consular Reports mentioned were

to the U. S. Department of Commerce.

The prominence of the hardwoods of tropical America in the data

presented is the result of the promotion of those woods for cross-ties.

Some of them have been well known everywhere for a long time and the

characteristics which caused them to be prized for cabinet and other fancy

or special use have too generally been assumed to apply to any wood
grown where these hard, heavy, precious kinds come from. These rarer

sorts of wood cannot be expected to be had for cross-ties at prices which

will permit them to displace or replace native woods.

The tie woods of temperate Asia and Europe, which are similar to

those used in the United States, have not been imported because experi-

ments with them have not been considered necessary, and because they

would have been relatively expensive. However, the changed conditions

since the World War may make possible the exportation of oak and pine

from Czechoslovakia, Jugo-Slavia, Poland, and Russia.

In the Railway Age of March 18, 1921, C. D. Mell wrote, on page 744,

"People who like to talk in millions should revel in discussing the pro-

positions pertaining to tropical hardw'ood ties for the American markets.

There are few subjects about which there is so much idle speculation as

the tic question. When a promoter of tropical woods hears that railroads

in the United States use about 110,000,000 ties annually, that the forests

producing them are being rapidly depleted, and that the prices are high, he

concludes at once that there must be a sure outlet for his woods in the

form af ties for use in the United States.
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"He soon discovers that there are more than 70 different kinds of

wood in this country which are being accepted by railroads here for

ties, and that the demand has never exceeded the supply. Moreover, he

soon learns that the prices paid for ties of native-grown timbers are much
less than he. had anticipated and also that railroads will not become inter-

ested in foreign woods for ties about which there are no data as to their

fitness. It is safe to predict that another twenty years will pass before

American capital will become interested in so speculative a venture as a

tropical tie operation."

TIE WOODS IN FOREIGN COUNTRIES

The Committee has not attempted to compile information regarding

timber supply in foreign countries generally. Those interested in that

subject can be enlightened by study of "The Forest Resources of the

World," by Zon and Sparhawk (John Wiley & Sons), and "Timbers of

Tropical America," by Record and Mell (Yale University Press). Where
information referring directly to the availability of tie timber has come
to the attention of the Committee, it has been briefed and is submitted

for what it may be worth. A perusal of the following matter will impress

the reader with the few sources of probable supply. Also with the short

service of some of the woods used as ties. The data are given by countries

listed alphabetically.

Argentine

On May 28, 1923, Consul-General W. Henry Robertson, Buenos
Aires, reported that the use of Argentine hardwood ties on Argentine
Republic railways is obligatory by law.

Red quebracho, urunday, and guayacan negro are the chief native tie

woods used. The red quebracho is very hard, slow-growing, contains
much tannin, and is said to be practically everlasting.

The Buenos Aires Pacific Railway reports that ties are usually renewed
every 25-30 years. The Central Argentine Railway says ties are renewed
every 25 years, because of holes bored for spikes and on account of rail

wearing from non-use of plates.

On the Buenos Aires Great Southern Railway it is stated main line

ties are renewed every 20 years under ordinary traffic. In heavy traffic

tracks ties last 12 years, after which 70 per cent give further service of
20 years in sidings.

Australia

In "American Forestry," February, 1923, Harry D. Tiemann wrote
that Australia has less than 5 per cent of forested land and, according to

Mr. Lane-Poole, former Conservator of Forests of Western Australia,
less than 2 per cent of merchantable timber.

The predominant tie of Australia is the Eucalyptus, of which 283
species are described. Next in number of species comes the wattles or
acacias, of which there are at least 250, but only a very few of importance
commercially.

Brazil

On June 28, 1923, Consul A. T. Haeberle, Sao Paulo, Brazil, reported
cross-tie timber abundant in his district, the States of Sao Paulo and
Parana, and also farther south in Santa Catherina and Rio (jrande do Sul,

Peroba, cangerana, canella, tapinhoan and faverio are the most
abundant tie species. Most of the woods are very durable in a wet.
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humid climate, but split in dry weather. They are so hard that they

require boring for railroad spikes. Transportation is difficult to provide,

because local conditions are too costly and unfavorable for movement
of ties from forests to ports.

The State of Sao Paulo consumes much of its tie timber. The cost

per tie, mainly narrow gage 6" x 5" —7', is about 6 milreis ($3,285), cut

near the railway and placed on the track in the interior of the State.

Broad gage ties, 8.6" x 6"—8'—6", cost 10-12 milreis ($5.475—$6.57).
On May 1, 1923, Consul-Gcneral A. Gaulin, Rio de Janeiro, reported

that Brazil abounds in hardwoods of every description but the greater

part of its lumber resources are undeveloped. This is principally due
to the fact that large portions of timberland are situated far from com-
mercial centers and adequate transportation facilities are not available.

A booklet issued by the Brazilian Department of Agriculture, entitled

"Brazilian Timber," gives the following information as to kinds of ties

used and length of service given by each kind:

Name Service—Years

Arariba 11

Arariba rosa 11

Batinga Branca 5

Canella
Canella Amarella
Canella Capitao-mor 11

Canellinha 10

Canella parda 1

1

Canella Prego 9

(For work in damp situations)

Canella Preta .
.' 12

Cangerana
Faveiro vermelho
Gibatao 12

Goncalo Alves 10

Brauna Parda :
1

1

Ipe tabaco 1

1

Ipe Una 9

Jacaranda cabiuna 1

1

Jacaranda tan 1

1

Jacaranda rosa 12

Jatoba 11

Oleo Parda H
Oity Mirim 11

Peroba grande rosa 11

Peroba miunda •

Pequi
Piuna 11

Pao d'Arco Branco
Sucupira-mirim 11

Oleo Vermelho 12

Guatambu Vermelho 5

On May 26, 1923, Acting Consular Agent Antonia Jose Tavares,

Maranham, Brazil, reported that the tie woods used in the S. Luiz and
Theresina Railways are: Pau d'arco, arolira, capitae Ao campo, sucupira,

massaranduba, pau-rosa, pao-ferro, pao-chapada, and judau.

There arc three sizes 0.14x0.18—1.80 meters (5^''x7"—8'— 11"). 0.20x

0.20—2.00 meters (8"x8"—6'—9"), and 0.14x0.18—3.50 meters (Sj^"x7"—
11'—6") which last about four years.

According to McU in the article already referred to, "In all tropical

American countries there is a demand for ties and even in Brazil, where
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forests without end are said to occur, there is often a shortage of ties.

The specifications there are less rigid than in the United States. Crooked
ties will do as well as perfectly straight ones. Knotty, split, grooved and
unbarked with sap are usually included among ties used in the tropics.

Even logwood logs are used and as a rule they are very irregular. Thus,,

all things considered, the prospects for selling ties from the tropical

woods are better in the tropics than in the United States. So long as

there is no shortage of ties produced in the United States, it would seem
highly inadvisable to bring untried woods here when the ocean freights

alone may be equal to the cost of untreated ties of known lasting qualities

laid down alongside the tracks of the consuming lines."

The Commercial Museum of Para, Brazil, furnished C. H. Crawford,
Manager, Baldwin Locomotive Works, Rio de Janeiro, with the follow-

ing list of wood suitable for cross-ties

:

Local name Specific gravity

Acapu (up river) 0.90

Acapu (down river) 1.00

Angelim raj ado 1 .00

Angelim Pedra 0.70

Angelim commum 0.80

Copahybarana 0.98

Cumaru 1.10

Freij o 0.65

Itauba (amarella) 0.88

Ituba(preta) ^ 1.05

Jarana 0.85

Jutahy (assu) 1.22

Jutahy (pororoca) 1.05

Massaranduba •• 1.14

Macacahuba 1 20

Muirapiranga 1.10

Maparajuba 1.05

Muira-Pinima 1.32

Muira-Jussara • 0.89

Muirapixuna 0.95

Memby 1.00

Pau Setim (satin wood) 0.82

Pau Marfim (ivory wood) 0.88

Pau d'Argo 1.10

Pau Preto 1.17

Piquia 0.82

Piquiarana 0.90

Piranheira 0.94

Mata-Mata ....; 1.15

Sapupira (up river) 0.93

Sapupira (down river) 1.06

Sapupira (yellow) 0.97

Sapupira (red) 0.94

Tatajuba 0.76

Pacury 0.96

Cutiuba 0.90

Mr. Crawford reported also that "standard size American ties of the

various woods described could be put on board ship in the mouth of the

Amazon just now at about $0.85 each. It is extremely likely that freight

rates as low as $0.30 per tie to Atlantic Port could be arranged, making
the cost per tie about $1.15 c.i.f. Atlantic Port. Further charges, over-

head, etc., would depend entirely upon quantity, type of financing, etc.,

that the consuming railroad might wish to provide or have provided.

"The average annual rainfall of the District of Para, Brazil, for the

years 1915 to 1921, inclusive, was 2.450 meters (96.46 in.) ; for the year
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1922, which was exceptional, 3.055 meters (120.28 in.). Temperature
ranges from 70 to 94 deg. Fahr. The temperature of 4:00 p. m. dry sea-

son, 86 deg. to 98 deg.; at 4:00 p. m. wet season, 82 deg. to 94 deg. Fahr.
"Practically unlimited forests of hardwood all up and down the

rivers; some 60 kinds can be used for ties. Of these some 20 or more
are superior and of these perhaps 16 varieties are available for ties.

The remainder are too valuable for other purposes. Suppliers up river

buy from actual tie makers who must bring the tie to central point on
the river; thence ties are transported in native barges to deep river load-
ing port where ocean steamer receives them. Freight to the United
States is normally about $0.50 per tie, but can probably be brought down
to $0.30 per tie by chartering or special contract.

"Native ties are used in large quantities in the District of Para,
Brazil. The ties are largely 1.90x.l9x.l3 meters (5"x7^"—6' 3"), and
tie plates are used. The ties are laid in dirt ballast. Under light traffic

the ties give a life of 12 to 15 jears. Native hardwood ties fail from
decay and not from wear, checking or splitting."

In the April, 1923, issue of Brazilian Business, V. DeVicq, Junior,
reports that "lumber from the State of Fara is being used by the Great
Western of Brazil Railway Company in the form of railway ties. They
started using these ties in the beginning of 1922, and received one hundred
and fifteen thousand up to the end of the year. About one hundred and
ten thousand were used on the Rede Viacao Cearense, and they are very
well satisfied. A great deal of trouble was encountered in getting these

ties, as the landowners at Para, as well as the laborers, had never filled

an order for ties, therefore necessitating the teaching and the organization
of the districts, or "municipios," in order to prevent price cutting between
the owners of the diflferent areas.

"On the first shipment the landowners delivered thirty-four thousand
ties during a period of four months. Fourteen thousand of these were
rejected. On the second shipment six thousand were rejected out of
twenty-eight thousand. From the third shipment on, the percentage of
rejected ties w-as less than 2 per cent.

"The woods used by the Great Western for ties consisted of twenty-
six different qualities, all of which were duly approved by this Company.
It is more difficult to comply with a small contract, for instance of 100,000

ties, than for one of 500,000 ties, the reason being that the division of

100,000 ties between five or six landowners does not cover the initial

expense for such a small quantit3^ Profits to be derived from the split

order, of maybe 10,000 ties per landowner, does not warrant certain expen-
ditures which would be required if the order consisted of 50,000 ties,

better dock facilities, more laborers, etc.

"For a contract of 500,000 ties, delivery could be calculated at from
40,000 to 60,000 ties per month, with 120 days' grace for the first delivery.

"The durability of certain woods, as Massaranduba, Acapu, Itauba,

Sucupira, etc., in Brazil runs from ten to twentj^-five. The Para Electric

Company has removed ties of Massaranduba after being in use over
twenty-five years, and found the center of the tie still undecayed. With
the exception of the ten thousand ties sent to Spain, no others have been
exported.

"For calculating the c.i.f. price the following items must be taken
into consideration:

(a) Cost price placed alongside ship.

(b) State taxes varying from 213 to 317 reis per tie.

(c) Municipal taxes, varying from 100 to 150 reis per tie.

(d) Port of Para taxes, which vary from 240 to 525 reis per tie.

(e) Stevedoring.
(f) Inspection of ties.

(g) Dispatching expenses.
(h) Administration, or overhead expenses,

(i) Freight and insurance.
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"For ties sawed or hewed, top and bottom only, the cost price is

reduced 10 per cent."

Chile

On May 28, 1923, Consul Reid Thompson, Conception, Chile, reported

the species of wood most suitable for cross-ties as Roble or roble-pellin,

ulmo or muermo, coigue, tenio, and Guaitecas cypress. The roble-pellin

is preferred by the Chilean State Railway where, from Conception south,

annual rainfall is 50-120 inches, but in the rainless nitrate regions of

the north, roble-peUin is not entirely satisfactory.

Valdivia exports 95 per cent of the cross-ties which are brought by

rail from inland points and by vessel from points farther south.
_
Peru

takes 80-90 per cent of the exported cross-ties, some go to Bolivia and
Argentine and a few have gone to England and continental Europe, prob-

ably for experimental use. So far as known none have been shipped

to the United States, but Chilean railways have imported our Douglas fir

ties.

Because of the heavy winter rains any considerable order for ties

should be placed from June to August to permit delivery during the sum-
mer months or from December to May.

Costa Rica

On June 8, 1923, Consul John James Meily, Port Limon, Costa Rica,

reported that about 36,000 cypress and creosoted pine ties, 6"x8"—7' are

imported annually because the local demand far exceeds the insufficient

and uncertain supply, which sold in 1923 for $1.45 per tie. The following

Nicaraguan woods serve as ties the number of years listed with their

names: Mahogany, 12; manu, 10; guachipelin, 6; madero negro, 6; nispero,

3; javilan (heart), 3; guayacan, 3; laurel, 2; almendro, 2.

On July 31, 1923, Consul Henry S. Waterman, San Jose, Costa Rica,

reported ties of the native woods listed above, costing $1.20 each, as giving

4—8 years of average life compared to 8—12 years of average life from
creosoted southern pine ties imported from the United States at $2.85 each.

Cuba

In Engineering News-Record, December 9, 1920, Albert W. Buel,

presents the following service data, collected by him through corre-

spondence, interviews, and information obtained in personal experience,:

Kind of Wood Years of service reported by

Cuban Cuban Esperanza Ponupo
Central Rail- Plantation Manganese
Ry road Rya Co Rys

30-40

20-30
20-30
30-40

30-40
35

20

20-30
20-30
30-40
10-14
10-14
10-14
10-14

Caguariranf
Yaba*
Majagua de Costa*
Guayacan Blanco*
JiquiJ
JocumaJ
Chicharront
Morurot
Sabicut
Jucaro NegroJ
Acanat
Jaimiqui

*Doe3 not check
*'

tSeldom checks, or checks very little

jChecks badly or often

On December 9, 1923, H. J. Schrieber, Florida East Coast Railway,

Jatibonico, Cuba, reported that the following woods are suitable for cross-

ties : Arabo, acana, almendro, caguarran, caoba, carillo, chicharron, don-
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cella, fustete, ganba, guara Colorado, guayacan negro, jiqui china, jucaro
negro, jocuma amarillo, moruro, pito, quiebra hacha, roble, guayo, sabicu,

tengue, yaba, yana, yaniila, and yamaguey.
The best results are obtained from the following, and in about the

order named: Jiqui china, arabo, jucaro negro, sabicu, caoba, quibra
hachua, and acana.

The life of hardwood ties is very variable, being from five to twenty-
five years. The average duration is about eleven years, which m(?ans a 9
per cent replacement annually according to experience of the United
Railways and Cuban Central Railways.

All hardwood ties are bored for spikes ; otherwise impossible to drive

them. No tie plates are required. The ties are adzed on two sides only;
8'-6" in length and 6" thick and must show at least six inches of heart-

wood.
Practically all of the available hardwoods, at present, come from

Camaguey province. The exploitation of hardwoods is usually a fore-

runner of cane planting.

The best grades of ties are worth about $1.00 each, f.o.b. point of
shipment.

Ecuador

On April 30, 1923, Consul-General F. W. Coding, Guayaquil, reported
that Guayacan and Mangle (Red Mangrove) are the woods used for ties

in Ecuador. These ties are not treated with any chemicals. Untreated
Guayacan ties last from 10 to 15 years, depending upon the climate, and
mangle ties 6 years. There is not sufficient number delivered to satisfy

local requirements ; all railway orders being far behind in delivery.

Guatemala

On April 21, 1923, Consul Arthur C. Frost. Guatemala City, Guatemala,
reported the railways of that republic imported ties from our Gulf States
because of the inadequate supply, poor quality, and high prices of local

woods. The native woods used by the International Railways are 6"x8"—7',

and their estimated years in track are as follows : Marillo, 4 ; chicipate,

5H ; roble, 5j4 ; laurel, 5; madro cacao, 3; mora, 2^; tepemiste, 2;
guayacan, 20; quiebrahacha, 10-12; chico zopate, 10; puntero, 5; balsamo,
coxte, campanillo, nogal, rosul, and mimiento.

Guiana

On March 31, 1923, Consul Chester M. Davis, Georgetown, transmitted
the following extract from an article by L. S. Hohenkerk, Forestry Officer,

in the Journal of Board of Agriculture of British Guiana:
"Forests are very dense and of illimitable extent. In them abound

mahogany, pala de rosa and other hardwoods. The woods which can be
recommended for ties are, Soft and Ituri Wallaba {Eperua falcata) and
Red and Brown Mora (Diinorphandra Mora); in both species the color,
nature, and durability are similar in the varieties, although the first named
in each case is said to be the better. The durability of Wallaba has been
proved under all conditions and the only possible drawback would be its

easily fissile quality which, however, could be overcome by proper sea-
soning and by boring the spike holes. Mora is tough and fibrous and the
heartwood durable; the White variety should not be used, nor the similarly
named woods Mora-balli and Muro-balli or Sand Mora. Ite-balli which
grows plentifully along the river banks and could therefore be marketed
at low cost, is soft wood and could onlv be used as a creosoted tie.

Greenheart (Nectandra Rodioei) has certain disadvantages on account of
its hardness and the higher value of the timber puts it out of com-
petition with Mora or Wallaba. Kakeralli (Eschweilera corrugata), espe-
cially the Black and Brown varieties, is plentiful and would make good
ties. The Balata tree or Bullet-tree (called Massaranduba (Mimusops
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glohosa) in Brazil) is a durable wood and -eminently suited for rnaking

ties. On account of its yield of Balata (gutta-percha) the felling of

this tree is prohibited by law, but should this restriction be hereafter

removed, this timber would well repay exploitation, as it is to be found

in most districts and in some plentifully. The weight of these hard woods
is a serious disadvantage as the costs for handling and freight would be

'

much greater than in the case of the lighter pine tie with which they

have to compete.
"At the end of 1922 local quotations for Mora and Wallaba ties,

size 8^'xlG"x5", were from $1.50 to $1.92, from selected timber, free of

sap. The value of the exports for a smaller size tie averages 99^ cents

each.

"A committee has recommended Government Inspection and Certifica-

tion of Timber for export on the voluntary application therefor by the

purchaser. The cost of such inspection would, ultimately, fall on the

buyer, but the value of the Government certificate guaranteeing that a

shipment of timber is sound, of good quality and true to name (and, if

desired, also true to size specified) cannot too highly be stated.

"From a neighboring place substitutes have been suppHed for British

Guiana Greenheart to the detriment, for a period, of our export trade and
in the event of any large development in the export of that timber or of

ties and paving blocks, the danger of substitution of inferior woods would
be greatly increased. During 1922 nearly 40,000 cubic feet of Greenheart
logs were shipped under Government Certificate."

Haiti

On April 9, 1923, Vice-Consul Robert Longyear, Port au Prince, Haiti,

reported that the Haiti National Railroad has used bayahonde, candelon,

chene, bois blanc, maglier noire, and acoma for cross-ties, which are

hewed or sawed on two sides, are 6"x8"—7' to 7'-6", and normally give

a service of about 6 years. The Cuban Railroad Company investigated

Haiti forests a few years ago, and nothing even warranting a trial

was found.
Hawaii

Carl B. Andrews reported that no native woods other than Ohia
Lehua (Metrosideros polymorpha) are suitable for ties. Trees large

enough to furnish ties are comparatively few, being found in the

forests on the slopes of Mauno Loa and Mauna Kea on the Island of

Hawaii. Very little of this timber is now available for ties, and all

accessible timber has already been cut. There is at present no effort

being made to cut Ohia ties even for home use.

Ohia Lehua is dark, hard, heavy, and about equal to oak in strength.

It seasons slowly, usually with some checking. When containing sap,

the wood will sink in water. Holds spikes well.

Some of the ties have been used locally, but Redwood ties from
California are cheaper and more resistant to decay under usual condi-

tions. Ohia Lehua does not easily rail-cut, nor spike-kill. The ties,

which are 6"x8"—8' for standard gage, and some smaller for narrow
gage, give three or four years' service in moist places, and twenty years

or over in dry locations.

Honduras

On June 15, 1923, Consul Wm. Wallace Early, British Honduras,
reported a small demand for ties, because of very little traffic over only

26 miles of track on 6"x8"—8' ties, selling for $0.07 per board foot, of

wood estimated to serve 2-15 years. The following tie woods are available

in abundance and are named in the order of their durability : Sapodilla,

bull hoof, bullet tree, nargosta, waika chawstick, samwood, black poison-

wood.
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India

On May 2, 1923, Vice-Consul Harold Shantz. Calcutta, reported that
the principal kinds of ties used on the Indian railways are sal, deodar,
Burmese pyinkado, Burmese jungle wood, American Douglas fir, and
Australian jarrah. Ties made of hard local woods sucli as sal and deodar
are not treated with chemicals, but soft woods such as the Douglas fir

require treatment. It is customary to creosote the soft wood, using seven
pounds of creosote per cubic foot. The use of metal and concrete ties is

becoming more and more prevalent in this countrj', due largely to the
scarcity and high cost of indigenous hardwoods, and the rapid deteriora-
tion of the soft woods. Approximately 35 per cent of the metal ties

are manufactured in India.

It has been estimated that the average life of railway ties made
from Indian hardwoods is from twelve to fifteen years, and the life of
creosoted ties made from softwoods about ten years. The steel and cast
iron ties have an estimated life of about thirty years.

Ties are made in the following standard sizes

:

Broad gage, 5"x9"—9'.

Metre gage, 4i/2"x8"—6'.

Narrow gage, 4^"x7"—5'.

Indian wood has not been available in sufficient quantities to supply
the regular demand of the local railways.

The Indian railways require approximately 4,000,000 ties annually
and during the year 1921-22 it was necessary to import about 400,000
ties from foreign countries, principallj', Australia, Canada, and the United
States, to meet this demand.

Jamaica

Consul Charles L. Latham, Kingston, Jamaica, reported that Jamaica
cannot be considered as a future source of supply for cross-ties for
American railways owing to the lack of a sufficient supply of wood of
any kind that might give service. Several of the native woods, such as,

mahogany, lignum vitae, mahoe and logwood are too valuable for other
purposes to permit of their being used for cross-ties. Of those that have
been used the following service records of the ties were

:

Red bullet 18 years
Naseberry bullet 16 years
Fiddlewood 14 years
Brazilletto 14 years
Greenheart 16 years
Dogwood 14 years
Sapadillo 16 years
Combwood 14 years
Red ironwood 16 years

Practically all ties used locally are imported from the United States
or Canada, the standard size being 5"x9"—8'.

Madagascar

On June 26, 1923, Consul James G. Carter, Tenanarive, Madagascar,
reported that the cross-ties used on the 450 miles of government con-
trolled railways are of Malagasy hardwoods that have an average service
of 7 to 8 years in track.

Faralaotra and voambosna are plentiful and much used for ties.

Marquesas Islands

Carl B. Andrews reported that Dr. Forest H. B. Brown says the
supply of timber suitable for manufacture into ties in the Marquesas and
other South Pacific Islands is limited. The Hau tree (Hibiscus liliaceus)

is the only tree which attains any size, reaching a diameter of four feet

on favorable sites. It is not, however, used commercially except locally

due to an insufficient supply.
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Mexico

On April 21, 1923, Consul O. Gaylord Marsh, Progreso, Mexico, re-

ported that the cross-ties used on the 500 miles of railway in Yucatan and
Campeche, Ferrocarriles Unidos de Yucatan, are obtained from local

forests. The tie woods are: Zapote, jabin or jabi, brazilete or palorojo,

cimarron, haya espinosa, mora, yaxex, granadillo, chechem, and toxob or

chintok, and canche. They last from 10 to 16 years.

The best ties originate around San Felipe. Rio Lagartos, El Cauyo and

Puerto Morelos, from where sailing vessels take cargo. Suitable tie

timber is produced in abundance in other portions of Yucatan.

On May 3, 1923, Consul Fred R. Robinson, Saltillo, Coahuila, Mexico,

reported that the ties used in Coahuila are yellow pine, 6"x8"—8', give a

service of about 7 years, and are to be had in limited supply.

On May 1, 1923, Consul-General Claude I. Dawson, Mexico City,

Mexico, reported that from Mexico City to Vera Cruz steel ties are used,

while in the southern lines pine ties are used as well as native hardwoods.

Of the latter, chico zapote and ironwood are claimed to serve 50 years,

while 15 years is claimed for the pines, a few of which are creosoted.

New Zealand

Carl B. Andrews reported that Dr. Forest H. B. Brown says the

only tree of New Zealand suitable for cross-ties is the Kauri (Agathis

Anstralis). This tree attains a diameter of 15 feet, and a clear length of

from 50 to 60 feet. Its wood is used to some extent locally, but due to

the limited supply has never been exploited or used for ties.

George A. Garratt, in Professional Paper No. 1 of the New Zealand

State Forest Service, records the following woods as used for cross-ties:

Toothleaved Beech Nothofagus fusca

Hinau Elacocarpits dentatus

Southern Rata Mctrosidcros lucida

Northern Rata Mctrosidcros robusta

Puriri Vitcx Iticens

Matai Podocarpus spicata

Kahikatea Podocarpus darydiodcs

Rimu Dacrydiuin ciipressinuni

Nicaragua

On May 26, 1923, Consul Harold Playter, Corinto, Nicaragua, re-

ported the Pacific Railroad of Nicaragua as using 7''x8"—7' round ties

of the following woods, which average about 9 years in track, cost $0.50

each in 1922, and are fairly abundant, though the west coast of Nicaragua
is not heavily wooded; Madero negro, guachipilin, lignum vitae, que-

bracho, vainillo, guiliguiste, granadillo, flor bianco, nacascoloi

Panama

T. W. Braddy, Lumber Inspector of the Panama Canal, in the

January 21, 1920, issue of the Panama Canal Record, reported that of the

50 or more species of timber growing in Panama only 14 have any com-
mercial value, and of these the following are suitable for manufacture
into cross-ties

:

Almendra (Dipteryx panamensis). This tree often reaches a height

of 140 feet and a diameter of 60 inches, but due to irregularities of the

trunk produces little clear lumber. The wood is dark brown, very dense,

and with close interlocking grain. It weighs 72.5 pounds per cubic foot
green, and 63.5 pounds per cubic foot dry.

Amargo (Andira vermifugo). This wood is of a deep yellowish color,

with an unusually contorted grain ordinarily porous, but stands the

weather well, showing little tendency to check. It is one of the lightest of
the native woods, weighing 63.0 pounds per cubic foot when green, and 59
pounds when dry.
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Alcareto. This tree often attains a height of 120-140 feet without
showing a limb, but seldom attains a diameter of over 30 inches. It is as
strong as oak, and weighs 65.6 pounds per cubic foot green, and 59.4
pounds when dry.

Guayacan (Tccoma guayacan). This tree, which is similar to Lig-
num-vitae, reaches a diameter of 50 inches, and a height of 130 feet, but
due to irregularities of the trunk produces little clear lumber. The wood,
which weighs 79.8 pounds per cubic foot when green, and 76.3 pounds
when dry, is very resistant to decay and mechanical wear.

Maria (Calophyllum Calaba). This tree is the largest of the local

forests, occasionally reaching 160 feet in height and SO inches in diam-
eter. The wood is light, weighing only 35 pounds per cubic foot when
green and 30 pounds per cubic foot when dry. It is occasionally used in

exposed situations, but more often used on interior work.
Roble (Tccoma pentophylla). This tree is very similar to the Amer-

ican oak, and the wood while lighter and weaker takes a very similar
finish. The wood weighs 53.7 pounds per cubic foot when green, and
48.7 pounds when dry.

Nispero (Acliras Zapote). This is not a very large tree ; a 40-inch
diameter and an 80-foot body being an exception. The wood is dark red
in color and has a tendency to split while seasoning. It weighs 81.9

pounds per cubic foot green and 79.4 pounds when dry.

The following table lists the above woods in the order of their

strength

:

Moisture Specific Modulus of Compression
Name condition gravity rupture parallel to the grain

Lb. per sg. in. Lb. per sq. in.

Guayacan Air Dry 1.22 20,650 13,720
Alcareto Green 1.05 16,200 8,930
Almendra Green 1.16 13,050 10,900
Nispero Green 1.31 11.700 8,130
Roble Green .86 8,280 4,500
Amargo Green 1.02 7,510 4,580
Maria Green .56 6,500 4,490

Paraguay

On May 18, 1923, Consul Harry Campbell, Asuncion, reported that

the varieties of wood most commonly used on Paraguayan railways are:

Lapacho Tccoma sp.

Urundey-mi Astroniinn sp.

Curupay Piptadenia sp.

Tatayiba Chlorophora tinctoria

Quebracho (Schinopsis sp.) also is used on the railways in the north-
ern part of the country. These ties are not treated with creosote or
other preparations and the usual length of service is from eight to ten

years. It is claimed that there are many good ties along the Paraguayan
railroad that were laid over fifty years ago. The principal sizes of track
ties are 270 by 25 by 13 centimeters (5"xlO"—9') and crossing ties 540
and 405 centimeters (18 and 13.5 ft.) long. Quebracho and Lapacho
trees are abundant in this country and ties made of this wood are found
to give satisfactory service.

Philippine Islands

Carl B. Andrews reported that the only native woods suitable for
use as cross-ties are Ipil (Intsia Byuga) and Molave (Vitcx parviftora).
Trees large enough to furnish ties are rare and inaccessible and the Manila
Railroad has not been able to get enough for their regular needs. Molave
is a yellowish wood, while Ipil is dark red, both are hard, dense, and
heavy woods, and are resistant both to decay and attacks of the while
ant. The ties which are 6"x8"—8' give from 10-15 years' service in light

traffic. Luan is the only other wood which might be suitable for ties in

the United States though not suitable in the Philippines as it is subject to

destruction by white ants.
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Porto Rico

C. L. Carpenter, General Manager, Central Aquirre Sugar Company,
reported that "The timber has been almost entirely used."

Salvador

Engineer Maintenance of Way J. A. Allen, Railway of Central Amer-
ica, Salvador Division, reported that quebracho is grown in all parts of

the Republic. This wood weighs approximately 54 pounds per cubic

foot, seasoned, and about 60 pounds, green.

No ties of this wood are exported. They are used in the railways
of Salvador without plates and in sizes of 6"x8"—7', and 6"x8"—6'.

Some of the railroads have gravel ballast but the majority have no ballast

at all. Used under light traffic locomotives 72 tons, cars 20 tons, with
an average of six trains daily.

Under the above conditions these ties give from six to eight years'

life. They do not fail from mechanical wear but from decay. Quebracho
checks and splits to a considerable degree. About 5 per cent are lost

from this cause.

There have been no ties exported from this country in the last twelve
years. There is a desire from some property owners to export, but
railway and steamship rates make it prohibitive.

Quebracho is of a very slow growth and from calculations made as

to available supply the railways will probably have to import cross-ties

after about twenty years ; or otherwise use some of the inferior woods
which would not give service in track for more than three or four years.

There are only 433 kilometers of railway in operation in the Republic, and
another 180 kilometers in project.

Information given above for quebracho applies generally to the

following woods : Madrecacao, huilihuiste, chichipate, and mora.
Dr. S. Calderon, Laboratories of the Director General of Agriculture,

San Salvador, El Salvador, C. A., reports that ties of the following woods
were bought by the Salvador Railway, and the International Railways
of Central America, Salvador Division, at the prices given below:

Extra fine ties—Balsamo $2.50
Superior ties—Guachipilin, Guaje, Guayacan, Huilihuiste,

Mora, Nispero 2.25

1st Class—Cortez prieto, Funera, Granadillo, Madrecacao,
Quebracho 2.00

2nd Class—Copinol, Laurel macho or prieto, Tempisque 1.50

3rd Class—Caoba, Cedro macho, Chapulaltapa, Chichipate,

Iguano, Memble, Mezcal, Nascascolo, Tepemiste, Zope
y Roble 1.25

SlAM

On May 2, 1923, Consul Maurice F. Dunlap, Bangkok, Siam, reported

that the three woods, yang, teng rang and kiam, are locally considered
excellent for cross-ties. The first two grow abundantly and are exported
in quantities to India, Ceylon and China.

Yang is a fine, straight-grained wood, growing in southern Siam, and
can produce an exportable volume of 10,000,000 feet annually. It has a

local track service of 10-12 years.

Teng rang is very hard, close-grained and durable. It grows in north-

ern Siam where it has a track life of 16 years.

Kiam has a service slightly less than teng rang. Tie sizes are usually

6"x8"—6' 6" and 6"x8"—9' 6".

Venezuela

Albert W. Buel, in Engineering News-Record for December 9, 1920,

under "Timbers of Tropical America, Railway Tie Supply," wrote that

there has been little exportation of Venezuelan hardwoods, and that ties of
Curarire (Tecoma chrysantha) and Vera (Bulnesia arhorea) last 25 to 30
years and fail only by mechanical abrasion.
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AMERICAN TESTS OF FOREIGN WOODS AS TIES

Despite the persistence of promoters of foreign woods for ties, few

American railroads have figured the purchase of foreign ties as worthy of

consideration. The data supplied by lines which have been willing to

undertake test installations are given below. These American experi-

ments with ties of foreign woods have not all been satisfactory. In

some instances so few ties were installed as to make the test inconclusive.

While the ties tried quite uniformly gave results so much poorer than

were expected of them, and thus justify the belief tha-t in general the

woods so far advocated as substitutes for American woods are not to

be relied upon, it may be that suitable kinds will yet be found. In the

article by A. W. Buel, referred to above, it is said that "Repeatedly timber

cut from species of trees entirelj'^ unsuited to the use intended has been

imported, with the result of creating an erroneous impression that tropical

woods are quite unsuited to our requirements."

The splitting to be seen in the accompanying photographs is character-

istic of nearly all the foreign woods tested as ties in the United States.

Seemingly, the denser a tropical wood is, the more it splits under the

stresses of climatic changes in the north temperate zone. The writer just

quoted says also that "It is important to bear in mind that some species

which give fair service in their native climate may fail in northern regions,

due to their tendency to develop radial season-checks, extending from

face to center of heart."

The present opinion of the railroads who have experimented with

ties of foreign woods seems to be that none so far .tried is inexpensive

enough to become a factor in the supply situation. These lines are will-

ing to try ties supplied by shippers for test, provided the ties are of wood
which has not proved unsatisfactory or resembles or is related to a kind

which has a good record somewhere.

In the Railway Age article already referred to, C. D. Mell says

:

"Few promoters are considering carefully the question of inspection.

Whether this is done at the point of origin or at the point of entry in the

United States there will doubtless be a good many rejections or at least

de-grading if the contract should call for more than one class. As already
stated the logs or trunks of trees in the average tropical forest are as a
rule very defective, which invariably will show in one form or another
in the finished ties. These defects, minor as many of them might appear,
will nevertheless constitute the most serious drawback to the tropical tie

business. This was illustrated by a small parcel of about two dozen sam-
ple ties from South America that arrived in New York about two years
ago. These ties were selected especially to meet the approval of prob-
able buyers of a half million ties that were offered, but a cursory exami-
nation of the lot revealed the fact that there was not a single tie among
them that would have answered the specifications under the most lax
inspection. In another instance over 60 per cent of a lot of about 200,000
ties cut some years ago in Columbia for use in Panama were rejected by
the inspectors, which was more than sufficient to wipe out all possible
profits in the transaction."

Atchison, Topeka & Santa Fe Railway

In 1909 and 1910 the Atchison, Topeka & Santa Fc Railway imported
from Australia cross-ties of the eucalyptus listed in the following tables,

which present the record of their service. These ties were hewed 5"xl0*—8', the standard size produced in Tasmania. (Photos 1 and 3.)
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PlIOTO 1

Australian Eucalyptus Ties (Woolybut). Inserted in A. T. & S. F. Ry.
Track, Las Vegas, New Mexico, 1909; Removed, 1917.

. Photo 2

Australian Eucalyptus Ties (Turpentine). Inserted in A. T. & S. F. Ry.
Track, Las Vegas, New Mexico, 1909; Removed, 1917.
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Blue Gum and Stringy Bark Eucalyptus Ties Inserted 1911-13

Location

San Bernardino, Calif.

Williams, Ariz

Number Number Per cent Average Life
inserted remaining removed through ig22

14,038 4,198 70 8.54 years
7,828 3,115 60 10.08 years

Splitting is the principal reason for the removal of the eucalyptus ties

from Atchison, Topeka & Santa Fe tracks. (Photo 3).

Photo 3

Australian Eucalyptus Ties (Stringy Bark and Blue Gum). A. T. & S. F.

Ry. Track, Williams, Arizona.

In 1908-10-15 the Atchison, Topeka & Santa Fe Railway imported
from Hawaii 5,077 Ohia Lehua (Metrosideros polymorpha), hewed 6"x8"
—8'. (Photo 4.) Their service through 1922 is as follows:

Ohia Lehua Ties Inserted 1908-10-15

Dale Number Number Per cent Average lift

Location inserted inserted remaining removed through iq3I

San Bernardino 1915 471 315 33 6.59yeari
Williams, Ariz 1608-15 4366 1020 77 8 30 years
Hutchinson, Kansas 1910 240 195 19 11.98 years

In 1912 the Atchison, Topeka & Santa Fe Railway imported from
Mexico 332 ties of Mangle Prieto (Avicetmia nitida), which were inserted

at Las Vegas, New Mexico. They v^^ere hewed 6"x8"—8', and none had
been removed through 1922. Their condition after 4 years' service is

shown in Photos 5 and 6.
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Photo 4

Hawaiian Ohia Ties, Inserted in A. T. & S. F. Ry. Track, 1911, Williams,
Arizona ; Removed, 1916.

Photo 5

Mangle Prieto Ties from Old Mexico after aliout four years in A. T. &
S. F. Ry. Track.
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Between 1908 and 1913 the Atchison, Topeka & Santa Fe Railway in-

serted at Albuquerque, New Mexico, and Los Angeles, California, 13,536
and 11,121 ties, respectively, of Japanese oak. The condition of some of
the most durable of these Japanese oak ties, after 10 years of service, is

shown in Photo 7. Their service through 1924 is as follows

:

Japanese Oak Ties Inserted 1908-13

Date Number Number Percent Average life
Location inserted inserted remaining removed through 1924

Albuquerque 1908-13 13,536 823 94 8.07 years
Lo.s Angeles 1908-13 li;i21 IS 99.9 6.13 years

Photo 6

Mangle Prieto Ties from Old Mexico after about four years in A. T. &
S. F. Ry. Track.

Delaware, Lackawanna & Western Railroad Company

During 1916-18 the Delaware, Lackawanna & Western Railroad in-

serted 2,894 ties of Brazilian woods under the common names used in the
report below. In submitting this report G. J. Ray, Chief Engineer,
writes : "We went to considerable expense to purchase these ties and make
the tests. I had great hopes that some of the ties, especially the massar-
anduba, would prove to be a satisfactory tie. I am now doubtful about
the possibility of securing good tie timber in sufficient quantity of any
timber grown in South America."
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The service record of these ties given below was accompanied by the

following statement by A. J. Neafie, Principal Assistant Engineer:
"I have compiled the attached report on Brazilian test ties. It was

my intention, at first, to combine the ties from the three locations, Mont-
ville, N. J., Secaucus, N. J., and Kingsland, N. J. However, due to the

fact that they were placed in track in three different years, I have shown
each test separately on the report.

Photo 7

Jap Oak Ties removed from A. T. & S. F. Ry. Track, Arizona division.

Originally inserted 1910 between milepost 294 and milepost 295 ; taken
out October and November, 1920.

"This report does not mention 160 ties -removed from main line track
at Montville, N. J., in 1919 and again replaced in side-track at Paterson.
N. J., in 1920.

The 160 ties were divided as follows:

• 2. Mata-mata 78
4. Faveria 2
8. Jarana 41

10. Massaranduba 19

11. Aturia 18
Unknown 2

Total "160

"In estimating the average life the following methods were used"

Montville ; 184 ties gave 3 years each 552m ties gave 7 years each 5,439

247 ties slill in track.

1,208 estimated to give:

150 tics 8 years each 1,200

75 ties 9 years each 675
22 tics 10 years each 220

8;086
8,086 -^ 1,208 = Average life of 6.69 years.
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"This is closely checked by the curve developed by the Forest Products
Laboratory at Madison showing the relation between average life of ties

and percentage of renewals, shown on page 155, A. W. P. Association
proceedings of 1918, i. e., 961 ties—80 per cent were renewed in seven
years. The curve shows that when 80 per cent of a given number of
ties are renewed the life attained so far is 112 per cent of the average
life, which makes an average life of 6.25 j^ears as compared with the
first method showing 6.69 years.

"The estimated average life for the ties in the Kingsland and Secaucus
tests—of between six and seven years—is based on deductions similar to
the above and in comparison with the Montville test.

"Unless otherwise advised by you, we will close the test in con-
nection with Brazilian ties with this report. We will, however, place a
few of the Massaranduba ties as taken out of track in side-tracks for a
further test, but we will consider this test complete with this report and
Brazilian ties a failure in the tracks of the Lackawanna Railroad
Company." ,

Delaware, Lackawanna & Western Railroad Company

Tests of Brazilian Cross-Ties

Cross-ties made from Brazilian woods have been placed in track in

three different locations for test purposes as follows

:

1,208 ties at Montville, N. J., placed 1916.

806 ties at Secaucus, N. J., placed 1917.

880 ties at Kingsland, N. J., placed 1918.

The ties are standard 7"x9"—8^', both sawn and hewn, seasoned from
six months to one year, are equipped with tie plates %"x7^"—10H"> and
three screw spikes to each end of the tie ; being double spiked on the
inside of the rail. The local and botanical names (where known) of the

woods included in the tests are

:

1. Anoera

—

Myracrodiion serao.

2. 'M.Siidi-ms.idi—Eschweilera Matamata.
3. Macucu

—

Licania hypoleuca.
4. Faveria or Fauerira or Sacupira

—

Pithecolohium sp.

5. Muirapiranga-da-Varzea

—

Brosinium paraense.
6. Sapupira Bowdichia

—

Boivdichia virgilioides.

7. Loura Apacate

—

Andriapelalum sp.

8. Jarana

—

Chylroma Jarana.
9. Pintadinho

—

Licania hypoleuca.
10. Massaranduba

—

Miinusops Hubert. ,
11. Aturia

—

Drepanocarpus Limatus.

Montville, N. J.

In 1916, 1,208 Brazilian ties were placed in a four degree curve,
eastbound track, east of Montville, N. J., under 101-lb. rail, stone ballast.

The soil in this vicinity is gravel and stone, and the test section being
located on a fill, the drainage is excellent.
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Secaucus, N. J.

In 1917, 806 Brazilian ties were placed in Tracks 2 and 4 (eastbound
high and low speed) on the Boonton Branch, just west of the point

of intersection with the Main Line, under 105-lb. rail, stone ballast. The
soil is sand and rock with good drainage.

Removed from track

1.
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Photu iu

Brazilian Tics from the D. L. & W. R. R. Tracks, Kingsland, New Jersey.
1, Alnirapirango da Varzea; others, Afassaranduha.

Photo 11

Brazilian Ties from the D. L. & W. R. R. Tracks, Kingsland. New Jersey.

1, Anocra; others, Massaranduba.
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Photo 12

Brazilian Ties from the D. L. & W. R. R. Tracks, Kingsland, New Jersey.

1, Not identified; others, Massaranduba.

Photo 13

Brazilian Ties from Ihe D. L. & W. R. R. Tracks, Kingsland, New Jersey.
• 1, Massaranduba; others, Pintadinho.
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Photo 14

Brazilian Ties from the D. L. & \V. R. R. Tracks, Kingsland, New Jersey.
All are Jarana.

i'llOTO 15

Brazilian Tics from the D. L. & W. R. R. Tracks, Montville, New Jersey.
1, Matarmata; others, Jarana.
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Photo 16

Brazilian Ties from the D. L. & W. R. R. Tracks, Montville, New Jersey.
All are Jarana.

Photo 17

Brazilian Ties from the D. L. & W. R. R. Tracks, Montville, New Jersey.
All are Massaranduba.
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Gulf, Colorado & Santa Fe Railway

In 1914 the Gulf, Colorado & Santa Fe Railway imported from Japan
364 ties which were creosoted at Somerville, Texas, and inserted at Cleve-
land, Texas. They are designated as follows, and none had been removed
through 1922:

Creosoted Japanese Ties Inserted at Cleveland, Texas, 1914

Kind of wood
Number
inserted

Absorption of
Creosote

per cubic foot

4.43 lbs.

5.23 lbs.

4.69 lbs.

6.71 lbs

Katsura (Laurel Tree not evergreen) 60
Sen or Harigiri (Sting tree) 93
Yachi-Damo (Ash in valley) 166
Aka-Damo (Red Elm tree) 45

Long Island Railroad

Between 1921 and 1922, inclusive, the Long Island Railroad inserted

at Jamaica ties of the woods listed below, the sources of which are not
recorded

:

Da
Kind of wood Probable habitat inser,

Avicennia nitida Haiti, Mexico Sept.,

Calycophyllum Spruceanum Brazil Sept.,
Centrolobium sp Brazil Jan.,

Chrysophyllum sp Central America Sept.,

Chrysophyllum sp Central America Sept.,

Columbrina ferruginosa West Indies Sept.,

Dalbergia Cranadillo Nicaragua Sept.

,

Eschweilera matamata Brazil May,
Hymenaea Courbaril British Honduras, Brazil May,
Licania hypolenca Brazil May,
Mimusops Huberi Brazil Aug.,
Mimusops Huberi Brazil Sept.,
Mimusops Huberi Brazil Sept.,

Platymiscium paraense Brazil May,
Prosopis julifiora Haiti. Central America Sept.,

Rhizophora mangle Britjsh Honduras, Brazil Dec,
Sacogloltis amazonica Brazil. Guianas May,
Schinopsis sp Paraguay, Guatemala Sept

,

Swarlzia lomenlosa Guianas Sept.

,

Tecoma pentaphylla Guatemala Sept.,
Torresea cearensis Brazil, Argentine Sept.

,

Voucapoua americana Brazil May,
Barbasquillo Sept.

,

Biquare Sept

,

Cadelillo Sept.,

Cameron Sept.

,

Carbonero Sept.

,

Cciba-Blanca Sept.,

Ceiba-Colorado Sept.,

Chanul Sept.,
Corocillo Sept.,
Corralibe Sept.,
Costillo Sept.,
Dormilon Sept.,
Faveiro preta May,
Machare Sept.,
Marcello Sept.,

Maragoucalo May,
Mare Sept.,
Mascarey Sept.,
Nato Sept.,
Natillo Sept.,
Pacorillo Sept.,
Pinuelo Sept.

,

Pracuhuba May,

Number
Number removed

ed inserted igi8 igig iq2o ig2i iq22

921
921
921

921
921
921

921
922
922
922
914
921
921
922
921
912
922
921

921
921

921
922
921
921
921
921
921

921
921
921
921
921
921

921
922
921
921

922
921
921
921
921

921
921
922
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New York, New Haven & Hartford Railroad Company

During 1918-19 the New York, New Haven & Hartford Railroad

Company inserted 3,471 ties of Brazilian woods under the names listed

below. In submitting this Hst, George F. Hand, General Assistant Engi-

neer, writes, "The original identification of the species was made by the

concern which furnished the ties, but it has been found that this identi-

fication is not to be relied upon, as determinations by comparison with

authentic samples show that some of the species do not belong to the

families indicated." These ties were installed at New Rochelle, N. Y.,

New Haven, Stonington, Baldwins, and Hartford, Conn., and Brewster,

Canton Junction, and Hebronville, Mass., in stone and gravel ballasts,

under 80, 100, and 107-lb. rail.

The service record of these ties given below was accompanied by the

following statement by W. J. Backes, Engineer Maintenance of Way:
"You will note (from this report) that the percentages of serviceable ties

indicate the number of failures in the first three years to be very much in

excess of our experience with creosoted ties. The failures would indicate

that about 60 per cent have been removed on account of decay and 40

per cent on account of splitting. I have personally examined many of

these ties and have been very much disappointed to note that so many are

failing due to decay. We had anticipated that the change in climate and

the considerable length of time elapsed between the time trees were cut

and time ties were put into track would have of necessity caused many
of them to split and check badly, but we had not anticipated that the ties

would show such a marked tendency to decay." (11-23-22.)

Fer cenl remaining
Number ,

*
^

Ki7id of wood inserted iq2i iq22 ig23

Louro Amarello 2 100 100 100

PaodeArco 17 94.1 93,8 45 5

Sucupira 156 89 3 84.5 65.5

LouroChumbo 41 94.1 73.2 50.0

Aturia 70 85 2 65 7 41.4

Louro Apacate 33 83 .

3

72 7 45.8

Tatajuba 39 93.5 82.1 710
Massaranduba 6(36 81.7 64,8 38.7

Matamata & Jarana 1133 78.6 61.2 31.4

Sapucaya 941 79.1 62.4 28.7

H. CourbarilL 24 85.7 54.2 50.0

Acapu 76 79.7 69.7 55.2

Fave de Empigem 64 66.7 34 4 7.7

No identification 269 74.3 57.6 37.4

Per cent remaining
Number , *

s

Kind of wood inserted iq2I iq22 1923

Andriapelalum sp 2 100.0 100.0 100.0

(amarello)
Andriapelalum sp 33 83.3 72.7 45.8

Andriapelalum sp 41 94.1 73.2 50.0

(chumbo)
Bagassa guayanensis 39 93.5 82,1 71,0

Boivdichia virgilioides 156 89,3 84.5 65,5

Drepanocarpus Lunatus 70 85.2 65,7 41,4

Eschweileria Matamata 1133 78,6 61.2 31.4

Hymenaea courbaril 24 85,7 54,2 50.0

Lecythis oUaria 941 79.1 62.4 28.7

Mimusops Huberei 606 81.7 64,8 38,7

Tecoma conspicua 17 94,1 93,8 45,5

Vouacapoua americana 76 79,7 69.7 55,2

Fave de Empigem „64 66,7 34,4 7.7

No identification 269 74,3 57.6 37.4

Total 347

1

Average percentages 80 , 4 63 , 5 36 .

3



Ties 1061

Pennsylvania Railroad System

Between 1899 and 1910 the Pennsylvania Railroad inserted hewed
ties of the woods listed below. The numbers received and their sources
are given wherever reliable records are available:
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NOMENCLATURE OF FOREIGN TIE WOODS
The usefulness of the information compiled herein depends to a

large extent on the accuracy with which the woods referred to have been

named. The scientific names given in this report are those used in the

literature and reports referred to, supplemented by such as seemed safe

to supply for common names which could be connected with woods of

established identity. The correctness of vernacular spelling is not guar-

anteed, nor is the association of common and scientific names.

The following lists are submitted by the Committee as an attempt to

make available a record of the woods referred to in the material gathered

by it and used in this report. The first list gives alphabetically all the

common names used in this report, and the corresponding scientific names

so far as known to the Committee. The second list records under the

scientiffic names arranged alphabetically the woods referred to in this

report as having been used as cross-ties in foreign countries or in the

United States. The third list is of the woods used as cross-ties in foreign

countries and in the United States whose scientific names were not

determined.
I!

'
1 I

Check List of Foreign Woods Reported Suitable or Used as Cross-Ties

(Exclusive of Europe)

Common Name Scientific Name
Acana
Acapu
Acca
Acero
Acoma
Aka Damo
Alcareto
Alcornoque
Algorroto
Almendra
Almendro
Amargo
Amarillo
Amescla
Angazeiro Meudo
Angelim Amargoso
Angelim commum
Angelim Pedra
Angelim rajada
Angelim rosa
Angico
Anoera
Arabo
Araca Piranga
Arapoca Amarella
Arariba Amarella
Arariba rosa
Arariba vermelho
Arco de pipa
Aroeira
Aroeira do Sertao
Arolira
Aturia

Bascia albescens
Vouacapoua americana

Sideroxylon Mastichodendron

Bozvdichia virgilioides

Prosopis juliflora

Dipteryx panamensis
Terminalia Catappa
Andira vermifnga
Aspidosperma Vargasii

Andrira vermifnga
Hymenolobium elatum,

Hymenolobium pcdracm
Pithecolobinm racemiflorum
Platycyamus Rcgnellii
Piptadenia rigida

Myracroduon serao

Terminalia aff. jannarcnsis

Cenfrolobitim sp.

Centrolobium sp.

Sickinqia sp.

Coccoloba uznfera
Myracroduon serao

Astronium Urundeuva

Drepanocarpus Lunafus
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Common Name
Bacupari
Bacury
Bagre
Balata
Balsamo
Barauna do Sertao

Barbasquillo
Batinga Branca
Bayahonde
Beech
Bicuiba
Biquare
Black Butt

Black Poison Wood
Bloodyvvood
Blue Gum
Bois blanc
Bois chene
Bolo
Brauna Parda
Brazil

Brazilete

Brazillette

Bull Hoof
Bullet Tree

Cabelluda
Cabreuva or Cabrehyba
Cacaque
Cadelillo

Caguariran
Caguiran
Cambui Vermelho
Cameron
Campanillo
Canche
Candelon
Canella Amarella
Canella Azedinha
Canella Batalha
Canella catitao-mor

Canella parda
Canella Prego
Canella preta

Canella Sassafraz
Canella Vermelha
Canellinha
Cangerana
Caoha
Capebano
Capitae do campo
Carbonero
Carillo

Carne de Vacca
Curvalho
Catucanhem Vermelho
Ccdro macho
Ceiba-Blanca
Ceiba-Colorado
Chanul
Chapulaltapa

Scientific Name

Platonia insignts

Trichila sp.

Mimusops globosa
Myroxlyon toluifcntm

Mclanoxylon Brauna

Prosopis juliflora

Nothofagus fusca
Firola Bicuhyba

Eucalyptus pilularis

Anacardiaceae
Eucalyptus corymboso
Eucalyptus saligna

Phyllostylon brasiliensis

Catalpa longissima

Melanoxylon Brauna
Caesalpinia echinata

Hacmatoxylon Brasilctto

Hacmatoxylon Brasilctto

Hymenaea Courbaril

Mimusops globosa

Myrocarpus frondosus
Brosimum paraense

Copaifcra hymenacfolia

Copaifcra hymenaefolia

Cabralea sp.

Rhizophora Mangle
Nectandra sp.

Nectandra sp.

Nectandra sp.

Nectandra sp.

Nectandra amarda
Nectandra amarda
Nectandra mollis

Octea pretiosa

Nectandra sp.

Nectandra sp.

Cabralea Congerana
Swietenia cirrhata

Chrysophyllum sp.

Roupala brasiliensis

Roupala brasiliensis

Cedrcla fissilis

Lonochocorpus rugosus
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Common Name
Chechem
Chene
Chicharron
Chicipate
Chico Zapote
Chintok
Chytroma
Cierro
Cimarron
Cipres
Coca
Coigue
Combwood
Comito
Copinol
Copoybarana
Coricollo

Corralibe
Cortez prieto

Costillo

Coxte
Courbaril
Cuachipelin
Cuajado
Cumarii
Curarire
Curupay
Cutiuba
Chytroma

Deodar
Dogwood
Doncclla
Dormilon

Eucalyptus

Faia Nacional
Faralaotra
Pave de Empigem
Faveiro preta

Faveiro vermelho
Fiddlewood
Flor Blanco
Folha Larga
Folha de Bolo

Freijo
Frijolillo

Frio
Funera
Fustete

Garapa Amarella
Ganba
Gibatao
Goiabeira do Matte
Goncalo Alves
Gorgojo
Granadillo
Greenheart
Grey Box
Grey Gum
Grossahy Azeite

Scientific Name

Catalpa longissima

Guasuma ulmifolia

Sweetia panamensis
Achras Zapote

Chytroma Jarana

Calophyllum Rekoi
Libocedrus tetragona
Erythroxylon Coca
Nothafagus Dombeyi

Hymcnaea Courbaril

Copaifera Martii

Tecoma chrysantha

Hymenaea Courbaril

Diphysa robinioides

Dipteryx odorata
Tecoma chrysantha
Piptadenia sp.

Chytroma Jarana

Ichthyomethia piscipula

Byrsonima spicata

Eucalyptus spp.

Pithecolobium sp.

Pititia domingensis

Nectandra sp.

Platycyamus Regnellii

Cordia Goeldiana
Pithecolobium arboreum

Dalbergia lineata

Chlorophora tinctoria

Apuleia praecox

Astronium commune
Psidium sp.

Astronium fraxinifolium

Dalbergia Granadillo

Nectandra Rodioei
Eucalyptus hemiphloia
Eucalyptus punctata
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Cominon Name
Guachipelin

Guaitecas cypress
Guaje
Guanacaste
Guamerin
Guarabu
Guara Colorado
Guarajuba
Guarauna Parda
Guarauna Preta

Guatambu Amarello
Guatambu Vermelho
Guayacan
Guayacan Blanco
Guayacan negro
Guiliguiste

Harigiri
Hau
Haya espinosa
Hinau
Huilihuiste

Iguano
Ipe Peroba
Ipe Rosa
Ipe tabaco
Ipe Una
Ipil

Iron Bark
Itauba amarella
Itauba preta

Jabin
Jacaranda Branco
Jacaranda Cabiuna
Jacaranda do Campo
Jacaranda rosa

Jacaranda Roxo
Jacaranda tan

Jaimiqui
Japanese oak
Jarana
Jarrah
Jatoba
Jatoha roxa
Javilan

Jequitiba Rosa
Jiqui

Jocuma
Jucaro negro
Judau
Jungle Wood
Jutahy Amarello
Jutahy assu
Jutahy pororoca

Kahikatea
Kakeralli
Katsura
Kauri
Kiam
Lapacho

Scientific Name
Diphysa robinioides

Leucacua hrachycarpa
Enterolohium cyclocarpum

Peltogyne sp.

Terminalia sp.

Aspidosperma tomeiitosum
Aspidosperma tomentosum
Tecoma Gtiayacan
Guaiacum officinale

Caesalpinia mclaonocarpa

(See Sen)
Hibisctis tiliaceus

Elaeocarpus dentatus
Karwinskia Calderotii

Tecoma peroba
Tecoma rosa
Tecoma sp.

Tecoma enrailia

Intsia byuga
Eucalyptus crebra
Silvia Ita-uba
Oreodaphne Hookeriana

Platypodium elegans
Dalbergia nigra
Platypodium elegans
Dalbergia nigra
Dalbergia nigra
Machaerium sp.

Mimusops Jaimiqui

Chytroma Jarana
Eucalyptus sp.

Hymenaea Courbaril
Hymenaea Courbaril

Cariniana legalis

Bumclia horrida

Sideroxylon salicifolia

Terminalia sp.

Hymenaea Courbaril
Hymenaea Courbaril
Hymenaea brasiliensis

Podocarpus dacrydiodes
Eschweilera corrugata

Agathis Australis

Balanocarpus sp.

Tecoma chrysantha
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Common Name
Laurel
Lauro Amarello
Lauro apacate
Lauro Chumbo
Lignum-vitae

Macacahuba
Machare
Macucu
Madero Negro
'Madro Caeca
Madreacacoa
Maglier noire
Mahogany
Majagua de Costa
Mangalo
Mangle prieto

Mangrove
Mangue
Manu
Maparajuba
Maragoucalo
Marcello
Mare
Maria
Marillo
Mascarey
Massaranduba
Mata-Mata
Matai
Memble
Memby
Merendyba
Mezcal
Mimiento
Mocytiba
A^olave
Mora
Mora
Moruro
Muermo
Muira-Jassana
Muira-Pinima
Muirapiranga
Muirapixuna
Muricy Vermelho

Nararene
Nargosta
Nasacolo
Naseberry
Natillo

Nato
Nispero
Nogal

Ohia Lehua
Oity Mirim
Oleo de copahyba
Oleo Parda
Oleo Vermelho
Orelha de Macaco
Orelha de Onca

Scientific Name
Cordia Gerascanthus
Andriapelalum sp.

Andriapelalum sp.

Andriapelalum sp.

Guaiaciim officinale

Platymiscium paraense

Licania hypoleuca

Erythrina crista-galU

Erythrina crista-galli

Avicennia nitida

Swietenia Mahagoni
Hibiscus elatus

Avicennia nitida

Rhizophora Mangle
Rhizophora Mangle

Mimusops amazonica

Colophyllum Calaha

Mimusops Huberi
Eschweileria Matamata
Podocarpus spicata

Poeppigia procera
Cassia spoucouiia
Terminalia sp.

Vitex parviflora
Chlorophora tinctoria

Dimorphandra Mora
Peltophorum adnatum
Eucryphia cordifolia

Aspidosperma Duckei

Brosimum paraensis
Caesalpinia floribunda

Achras Zapote
Caesalpina coriaria

Achras Zapote
Juglans australis

Metrosideros polymorpha
Piratinera guianensis
Copaifera sp.

Myrocarpus frondosus
Myro.rylon toluiferum
Enterolobium sp.

Enterolobium sp.
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Co nun on Name
Pacorillo

Palo Brazil

Palo de Rosa
Palorojo
Pao chapada
Pao d'Arco Branco
Pao d'Argo
Pao ferro

Pau d'arco
Pau Marfin
Pau Pereira
Pau Preto
Pau Rosa
Pau Selim
Pequi
Pequia Amarello
Pereira
Peroba Amarello
Peroba grande rosa
Peroba miunda
Peroba rosa

Piemiento
Pinho do Parana
Pinho Mineiro
Pintadinho
Pinuolo
Piquia
Piquiarana
Piranneira

Pirutinga
Pito
Piuna
Pracunuba
Puntcro
Puriri

Putumuia
Pyinkado

Quebracho
Quebracho
Quebracho Colorado
Quiebrahacha
Quira

Rata (Northern)
Rata (Southern)
Red Bullet

Red Gum
Red Gum
Red Ironwood
Red Mahogany
Red Quebracho
Rimu
Roble
Roble Pellin

Rosul
Roxinho Escuro

Sabicu
Sabicu
Sal

Salgueiro
Samwood
Santa Maria

Scientific Name

Caesalpinia echinata

Teconia pentaphylla

Haemaioxylon Brasileito

Teconia conspicua
Tecoma conspicua
Caesalpinia ferrea
Teconia conspicua
Agonaandra brasiliensis

Platycyavius Regnelli

Swartzia melanoxylon
Aniba parviflora
Eiixylophora paraensis

Caryocar villosum
Aspidosperma tonicnlosnni

Platycyamiis RcgncUii
Teconia peroba
Aspidosperma polyneiiron

Aspidosperma sp.

Aspidosperma polyneiiron

Schiniis Molle
Araucaria brasiliana

Licania hypoleuca

Caryocar villosum
Caryocar glabrum
Piranhea trifoliata

Erythrina crista-galli

Vitcx luccns

Centrolobium sp.

Lysiloma divaricata

Schinopsis sp.

Schinopsis Lorenlzii

Schinopsis sp.

Platymiscium polystachyiim

Metrosideros robusla
Meirosidcros lucida

Minmsops sp.

Eucalyptus tcretccornis

Eucalyptus sp.

Eucalyptus resinfcra

Schinopsis Lorcntzii

Dacrydium cuprcssinum
Tecoma pentaphylla
Nothofagus obliqua

Peltogyne sp.

Peltophorum adnatum
Mimosa odoratissima

Salix Ilumboldtiana
Cordia sp.

Calophyllum Calaba
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Common Name
Sapodilla
Sapucahy Vermelho
Sapucaia Vermelho
Sapucaya ,. , • n

Sainipira (red) (Bowdichia)

Sapupira (yellow)

Sebastiao Arriida

Sen
Siqui
Sobrasil

Spotted Glim
Sucupira Amarcllo
Sucupira-mirim
Si-cupira Preta

Tajuba
Tallowood
Tamarindo
Tanbu Rosa
Tanbiiril

Teng Rang
Tapinhoan
Tatajuba
Tatayiba
Tatu
Tawhai
Tempisque
Tengue
Tenio
Tento

_

Tepemiste
Ting Rang
Toxob
Turpentine
Turuman
Ubatao Amarcllo
Ubatao Vermelho
Ubatinga
Ulmo
Urucurana
Urunday
Vainillo

Valdiva
Vera
Vera
Voam Bosna
Voanibosna

Waika Chawistick

Wallaba
White Mohogany
White String Bark
Woolybut

Yaba
Yachi Damo
Yamaguey
Yana
Yang
Yanilla
Yaxex
Zapote
Zope

Scientific Name
Achras Zapote
Lecythis ollaria

Lecythis ollaria

Lecythis ollaria

Bozvdichia virgilioides

Bozvdichia nitida

Bumelia horrida

Eucalyptus maculala

Bozvdichia nitida

Bozvdichia virgilioides

Bowdichia virgilioides

Eucalyptus microcorys

Dialium divaricatum

Shorea obtiisa

Silvia navalium
Bagassa guaiancnsis

ChloropJiora tinctoria

Nothofagus fusca
Sidcroxylon Tempisque
Pithccolobium arboreum
IVeinmannia trichospcrma

Poeppigia procera

Shorea obtiisa

Eucalyptus syncarpia laurifolia

Astronium concinnum
Astronium commune

Eucrypliia cordifolia

Hieronymia alchorncoides

Astronium Balansae

Inga sp.

Bulncsia arborca

Guaiacum arboreum

Syniphonia globifcra

Eperua falcata

Eucalyptus acmenioides

Eucalyptus cugenioides

Eucalyptus longifolia

Andira Inermis

Guarea sp.

Conocarpus erecta

Diptcrocarpus Tnbcrculapus

Achras Zapote
Ichthyomethia grandifolia

'
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(See similar li

Scientific name

Foreign Woods Used as Cross-Ties

(Exclusive of Europe)

St of additional woods for which scientific names are not

Used Size Service

Achras Zapote

Agathis Auslralis
Aeonaandra brasiliensis
Anacardiaceae
(Family)

Andira inermis

Andira vermifuga

Andriapelalum sp
(nmarello)

Andriapelalum sp
(apacate)

Andriapelalum sp
(chumbo)

Andriapelalum sp
(protcaceae)

A niba parviflora

Apuleia praecox
Araucaria brasiliana. . .

Aspidosperma Duckei. .

Aspidosperma
polyneuron

Aspidosperma
tomenlosum

A spidosperma Vargasii.

A spidosperma sp
(Peroba miuda)

Astronium Balansae . . .

Astronium commune . . .

Astronium concinnum.

.

Astronium
fraxinifolium

Astronium Urundeuva.

.

Avicennia nitida

Bagassa gutanensis . . .

.

Batanocarpus sp

. Bascia albescens
Bou'dichia nitida

Bou'dichia virgilioides . .

Brosimum guianense. .

.

Brosimum paraense. . .

.

Bulnesia arborea
Bumelia horrida
Byrsonima spicala
Cabralea Congerana. . . .

Cabralea sp
Caesalpinia coriaria . . .

Caesalpinia echinata. . .

Caesalpinia ferrea

Caesalpinia floribunda.

.

Caesalpinia melanocarpa

Calophyllum Calaba.. . .

Calophyllum Rekoi. . .

.

Calycophyllum
Spruceanum

Habitat

(J^™f''"-,
)
Jamaica

Guatemala Guatemala
li''-*''"? H -A Mexico nyears. . .

.

British Honduras
British Honduras \6'x8'-8' lOyears....

Costa Rica q ^ j^-^^^ /6'x8'-7' up to 50 yrs.
(Panama )

NewZealand
BTazU.:'.'.'.'.'.'.'.'.'.'.'.'.'.'. 5'x7i'-7'6';: !

'.'.'.'.:.'.'.:'.'.'.

Brazil
British Honduras 6'x8'-8'

British Honduras

known)

U. S. Trial

P.R.R.

6'x8'-8'6'.. 25 years .

.

Cuba Cuba
!§''*=='' JBrazil 3rd class.. .

.

1 Panama J
"

., /Brazil 6'x8'-8'6'.... 1

Brazil
''U.S. A 7'x9'-8'6". . . . /

Brazil 6'x8"-8'6'

U. S. A 7"x9'-8'6'

r, •, .Brazil 6''x8'-8'6'. . . . \
Brazil

\U. S. A 7'x9'-8'6'.... /

Brazil Brazil

iBrazil,

N.Y.N.H.&H.
N.Y.N.H.&H.
D. L. & W.

N.Y.N.H.&H.

Brazil Brazil.
f 8'x8'x9'
\ 5i"x9".x6'9'.

.

Brazil Brazil
Brazil Brazil
Brazil Brazil 5'x7r-7'6'..

Brazil Brazil

.

Brazil Brazil

.

6'x8'-8'6'.

6''x8'-8'6'.

U years

2nd class . .

.

3rd class....

fSrd class

Ul years

1 5 years
12nd class

.

Central America {&„L1 America. : l
;•.•. }

^'^-^
Brazil Brazil

.

6'x8'-8'6'.. 1st rate.

Argentine.

Brazil. . .

.

Argentine 5

Brazil 6'x8r-8'6'

xl0'-8' 12-20 years.
1st class

Brazil Brazil

.

^Brazil Brazil

.

6'x8r-8'6'

Brazil Brazil
(Haiti Haiti

\ Mexico Mexico
[U.S.A U.S.A
Brazil Brazil 5

'

Siam Siam L,

\12 years.

.

2nd class.

(10 years.

.

12nd class

.

1st rate. .

.

Cuba Cuba 6'

Brazil Brazil 5'

,r, -i (Brazil 5'

\A . {\„:-- Central America 6
ICentral America USA 7'

Brazil Brazil 5'

(Brazil Brazil 5'

\Central .\merica Central America 7

Venezuela Venezuela
Cuba Cuba 6'

Cuba Cuba 6*

Brazil Brazil 6

Mexico Mexico
Nicaragua Nicaragua 7

Brazil Brazil

Brazil Brazil 5

Brazil Brazil 5

Argentine Argentine 5

!

Guatemala 1

Salvador [Guatemala
Panama J

Mexico Mexico

x8'-7'
x8'-8'

'x7r-7'6"..
x8'-6'6'..,
x8'-9'6'...
x8'-8'6'..,

x7h'-T6'..
'x7i'-7'6'.,
xSr-S'O'.,
x9"-8'6'..

7r-7'6'..
x7r-7'6'..
'x9'-8'6'..

yNo data.

[l4 years.

15 years.
1st class.

x8'-8T)'...
x8'x8'6'....

'x8J'-8'6'..

25-30 years

.

25 years

A.T.& S.F.
P. R. R.
L.I.

N.Y.N.H.& H.

D. h. & W.
N.Y.N.H.&H.
P. R. R.

b.L.&'w.
P.R.R.

1st rate
10-16 years..

'x8'-7' 9 years
T.. 1st class

',o._7' (12 years" ' \lst class....

'xrr-7'6'
•xl0'-8' 12-20 years.

'x8'-7' 2 years. . .

.

10-16 years.

Brazil U.S.A. L.I.
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Foreign Woods Used as Cross-Ties

(Exclusive of Europe)

(See similar list of additional woods for which scientific names are not known)

Scientific name Habitat Used Size Service U. S. Trial

Cariniana legalis Brazil Brazil 3rd class
Caryocar glahrum Brazil Brazil 5'x7i'-7'6'

Caryocar villosum Brazil Brazil
is'x?''-? 6' r^* '^^^^^

Cassia spoucouita Brazil Brazil 5'x7j'-7'6'
Calalpa longissima Haiti Haiti 6'x8'-7' No data
Cedrela fissilis Salvador Salvador 3rd class

Centrolobium sp Brazil Brazil 6"x8'-8'6'. . . . |j{"^^'^^^ |l. I.

chiorophoratinctoria...
(gXaTor'".: ; : : ! ! i ! ! ! s^^^:^v::.::\::v. l«'-8'-7'

e-s^'yerrs:::

Chrysophyllum sp Central America
(u*'

s""

a
^"'""'^::]] L.I.

chytromajarana Brazd fe' a/ ; ; i

!

'i : ; i i

!

' ! 7'xP-8^-':;; :::::::::::: nIy^^h.&h.
Coccoloba uvifera Brazil Brazil 2nd class
Colubrinaferruginosa... West Indies L.I.
Comaruna odoraia Brazil Brazil 5'x7|'-7'6'
Conocarpus erecta Cuba Cuba 6'x8'-8'6'. . . . 28 years
Copaifera hymenaefolia. Cuba Cuba B'xS'-S'e'. . . . 28 years
Copaifera Martii Brazil Brazil 5,'x7^'-7'6'
Copaifera sp Brazil Brazil 2nd class

(Oleo de copahyba)

CordiaGerascanthus... {^''^^^'^^^^ Guatemala .. 5 years
[Costa Rica Costa Rica 6x8-7 2 years

Cordia Goeldiana Brazil Brazil 5'x7i'-7'6''
'.

Cordia sp Honduras Honduras 6'x8'x8 ' 2-25 yrs
Dacrydium cupressinum New Zealand New Zealand
Dalbergia Granadillo. . . Nicaragua Nicaragua 7'x8'-7' 9 years L.I.
Dalbergia lineata Salvador Salvador 1st class

^albergian^ra Brazil Brazil {e'K'e^:;;; ^^^r^^"
Dialium divaricatum. . . Central America /Central America

| P.R.R.

f5'xl0'-8'6'... ]

Dimorphandra Mora.. . Guiana Guiana ^7'x9'-8'6' [Good P.R.R.
[7'x8'-8'6'....

]

fSalvador Salvador Superior
Diphysa robinioides. . . -(Nicaragua Nicaragua 7'x8'-7' Ir o „.oo^<.

iCostaRica Costa Rica 6'x8'-7'
>o a years

Dipterocarpus \c- c- (6'x8'-6'6' l,o
Tuberculapus pam Siam

l6'x8'-9'6'. . . ! j
12 years

Dipteryx odoraia Brazil Brazil

Dipleryx panamensis... Panama {u""sT }
P.R.R.

Drepanocarpus Lunatus Brazil
{u'1! A.'.'.' ;::.:;::::: (e'xf'l'e'-

]''''''''''' N:Y.N.H.& H .

Rlaeocarpus dektatus.. .. New Zealand New Zealand
Enterolobium

cyclocarpum Costa Rica Costa Rica 6'x8'-7' 3 years
Enterolobium sp Brazil Brazil 1st class

(Orelha de Macaco)
Enterolobium sp Brazil Brazil 1st class

(Orelha de Onca)
Eperuafalcta Guiana Guiana 5'xlO'-8'6'. . . Good
Erythrina crista-galli

. . . l^^^^^Z^^ g,^lT;'^* }6'x8'-7' 8 years
1 Salvador Salvador

.

Erythroxylon Coca Central America |Central America
^ P.R.R.

Eschweilera corrugala . .

/Brazil. Wzil.

.

IGuiana Guiana.

Eschweilera Malamata.. Brazil Brazil
IrxP-S^G'' N Y N^'.A H.

Eucalyptus acmenioides Australia
(u"

s"^

a'^
|5'x9'-9' A.T.& S.F.

Eucalyptus corymboso.
. Australia

(u"s'^a'*
f5'x9'-9' A.T.& S.F.

Eucalyptus crebra Australia
(u" S*^ A^ r5'x9'-9' A.T.& S.F.

Eucalyptus eugeni ides
. Australia

Iu^s'^a'* fo'x9'-9' A.T.& S.F.
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Foreign Woods Used as Cross-Ties

(Exclusive of Europe)

(See similar list of additional woods for which scientific names are not known)

Scientific name

Eucalyptus hemiphloia.

.

Eucalyptus longifolia. .

.

Eucalyptus maculata. . .

Eucalyptus microcorys..

Eucalyptus pilularis . . .

Eucalyptus punctata . . .

Eucalyptus resinifera. .

.

Habitat

Australia

Size

5'x9'-9'.

5'x9'-9'.

Used

/Australia
•• lU. S. A

, . , /Australia
Australia <tj g ^
Australia {u"s'a*;::: ! ! i:! ! ! ! ! l^'^^'-^'

Australia lu^'
A*''

'

! ' ' ' " ' "

"

!

' Y'^''^'

Australia {^^'.[[[[[[[[[[V. V^^'-^'

Australia
(Australia: i, ..„._„,

Service

Australia.

Australia.Eucalyptus saligna . .

Eucalyptus syncarpia
laurifolia Australia.

Eucalyptus teretecornis . Australia.

S.A ,5'x9'-9'.

Australia \:;'vQ' q'

U.S. A r "^ ^

•

Australia I^ivo'-Q'
U.S. A f

^^ "
•

Australia U'vO' q'

U.S. A r ""* "

Australia U»vQ
U. S. A '" '"^

Eucalyptus sp Australia
(u" s"^ a'*

|5'x9'-9'.

(Jarrah

)

Australia.Eucalyptus sp \. ... /Austral!

(Red Gum) JAustralia
i U. S. A >5'x9'-9'.

U. S. Trial

A.T.&S.F.

A.T.& S.F.

A.T.& S.F.

A.T.& S.F.

A.T.&S.F.

A.T. tS.F.

A.T & S.F.

A T.& S.F.

A.T.& S r

.

A.T.& S.F.

A.T.& S.F.

A.T.& S.F.

Eucryphia cordi/olia . . .

Euxylophora paraensis

.

Cuaiacum arboreum ....

Cuaiacum ojfftcinale.

Hymenaea Courbaril.

Hymenolobium elatum.
Hymenolobium petraem.

Peru.
Chile ^Bolivia \

IChile J

Brazil Brazil 5'x7i'-7'6'
Venezuela Venezuela 25-30 years .

_ Cuba Cuba 6'x8'-8'6' 20 years
Guarea sp Cuba Cuba 6'x8'x8'6'

Guazuma ulmifolia . . . . Cuba Cuba 6'i8'-8'6' 27 years
Haemaloxvlon Brasilettn Jamaica Jamaica 5'x9'x8' 14 years

Hibiscus elatus Cuba Cuba 6'x8'-8'6' 17 years
Hibiscus tiliaceus Pacific Islands Pacific Islands
Hieronymia alchornecides Brazil Brazil 1st class

Hymenaea brasiliensis. . Brazil Brazil o'x7J'-7'6'

fBrtish Honduras British Honduras f6'x8'-8' 18-11 years
{Brazil Brazil •|5'x8'-7' Jlst class .,

.

(Salvador Salvador i6'x8'-8'6' J
2nd class. ..

.

Brazil Brazil o'x7i'-7'6'
Brazil Brazil 5'x7i'-7'6'.. 2nd class....

Ichlhyomethia grandifolia Salvador Salvador 3rd Class.. .

.

ichlhyomethia piscipula Jamaica Jamaica 5'x9'x8 ' 14 years . . .

Intsia byuga Philippines Philippines 10-15 years .

Inga sp Nicaragua Nicaragua 7'x8'-7' 9 years
Juglans australis Guatemala Guatemala 6'i8'-7'

/car:.i«.*.acaweron^a,
ji^^^^^;;;;;;;;;;;; ifc-;;;:::;::;:: •::••::•::: ::::;;;:::;:

fft'vR'—ft'ft' \

Lecythis ollaria Brazil Brazil
l7'x9'-8'6' I

fNicaragua Nicaragua 7'x8'-7' 9 years
Guatemala Guatemala 6'x8'-7' 10-12 years..

Salvador Salvador 6'x8'-6' 6-8 years.-..

Chile Peru 6'8'-7' 4-8 years ..

.

Salvador Salvador Superior

—

[Guatemala.
Guatemala {Bolivia

IChile
Licania hypoleuca Brazil /Brazil

•lU.S.A
Lonchocorpus rug sus.. Salvador Salvador. .

Lysiloma divaricata Salvador. Salvador. .

.

IN.Y.N.H.&H.
IL.I.

P.R.R.

N.Y.N.H.& H.

Legum sp

Leucaena brachycarpa.

.

Libocedrus tectragona. .

.

7'x9'-86' D.L.i W.

Machaerium sp Brazil Brazil 6'x8'-8'6'...

Melanoxylon lirauna.. . Brazil Brazil 6'x8J'-8'6'.,

3rd class

1st class..

1st class

years .

.

1 1 years .

,

(15

Metrosidrros lucida New Zealand . New Zealand ....

""poVymZlHa •. . .

JHawaii.n Islands ^^^T '^::::. K^8'-8-
3-20years.

Metrosideros robusta . New Zealand. New Zealand
Mimosa odoratissima.. . Cuba Cuba 6'x8'-8'6' 14 years...

A.T.&S.F.



Mimusops glohosa Guiana Guiana 5'xl0'-8'6'...

J.072 Ties

Foreign Woods Used as Cross-Ties

(Exclusive of Europe)

(See similar list of additional woods for which scientific names are not known)

Scientific name Habitat Used Size Service U. S. Trial

Mimusops amazonica . . Brazil Brazil 5'x7J'x7'6'
[Not used
Jextensively,
1 du3 to gutta
(percha

f5'x7i'-7'6' 'L.I.
Mimusops Huberi Brazil Brazil •^7'x9'-8'6' D.L.& W.

i6'x8'-8'6' N.Y.N.H.&H.
Mimusops Jaimiqui. . . Cuba Cuba 6'x8'-8'6' 15 years
Mimusops sp Jamaica Jamaica 5'x9'xS' 25 years

{Red Bullet)

Myracroduon Serao.. .
.

Brazil
(u'^^s' a' rx9'-8'6'

' ' '

'
]^°°^ Ti.l..& W.

Myrocarpus frondosus.
. Brazil Brazil 6'x8'-8'6'

(ifyiars }

M..o../o„/o/u^.„....{Gu^-ala........... g^--'- ••••;•
;

^l^^;-
fj:,^,''_[

}P.R.R.

Nectandra amara Brazil Brazil 2nd class

[6'x8'-8'6' 11 years
Nectandra mollis Brazil Brazil 1fi'vSi»_a'e' /12 years

(6'x8J'-8'6-....{{3Vers. ).

{Guiana Guiana 5'xl0'-8'6'... . Too expen-
sive

Jamaica Jamaica 16 years
j\ecianarasp Brazil Brazil 6'x8'-8'6' 2nd rate

(amarella)
Nectandra sp Brazil Brazil 3i-d class .. . .

(azedinho)
Nectandra sp Brazil Brazil 3rd class

Cbatalha)
Nectandra sp In^o,;! t>^o,;i A'.,fii'fi'fi' /1st class 1

(catitaomor) /S'^^'* Brazil ^ "^J "^ ^ •••
(ll years. ... /

Nectandra sp Brazil Brazil 2nd class
(Folha larga)

Nectandra sp Brazil Brazil 6'x8'-8'6' (i^*,i!!^r 1-
(prego) l^ yenTS j

Nectandra sp Brazil Brazil 3rd class
(vermelho)

Nectandra sp Brazil Brazil 6'x8'-8'6' 10 years
(Canellinha)

[Peru
Nothofagus Dombeyi . . . Chile \ Bolivia

(Chile
Nothofagus fusca New Zealand New Zealand

[Peru
,

Nothofagus obliqua Chile •^Bolivia [7'x9'-8'6' P.R.R.
[Chile

Nothofagus pentaphylla. Central America Central America
Ocotea pretiosa Brazil Brazil 1st class...
Oreodaphne Hookeriana Brazil Brazil 5"x7^'-7'6'

Peltogyne sp Brazil Brazil 1st class
Peltophorum adnalum. . Cuba Cuba C'x8'-8'6' 30 years
Peltophorum filicifoUum Cuba Cuba 6'x8'-8'6' 17 years
Phyllostylon brasiliensis Haiti Haiti 6'x8'-7' No data
Piptadenia rigida Brazil
Piptadenia sp Paraguay Paraguay 5'xl0'-10'
(curupay)

Piranhealrifoliata Brazil Brazil 5'x7i'-7'6'

Piratinera guianensis. . Brazil Brazil • 6'x8'-8'6' (u yei^ }

Pithecolobium arboreum Central America
{cen^tral America: !

!

'. !

!

} P-R-R-

Pilhecolobium
racemiflorum Brazil Brazil 5'x7^'-7'6'

Pithecolobium sp )„ ., t. -i f6'x8''-8'6' 1, i. i tn t » wr
(Faveiro vermelho) /Brazil Brazil

{rxr-l%':..:. pt class.... D.L.& W.

Pititia domingensis.. . . Jamaica Jamaica 5'x9'x8' 14years
Platonia insignis Brazil Brazil 5'x7i'-7'6'
Plalycyamus Regnellii. . Brazil Brazil 2nd class
Platymiscium paraense. Brazil Brazil 5'x7J'-7'6' 2ndclass.... L.I.
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Foreign Woods Used as Cross-Ties
(Exclusive of Europe)

(See similar list of additional woods for which scientific names are not known)
. Scientific name Habitat Used Size Service U. S. Trial

Plalymiscium
polystachyum Central America Central America P.R.R.

Hatypodiumelegans.. . . Brazil Brazil ; 2nd class

"odocarpus dacrydiodes. New Zealand. New Zealand.
"odocarpus spicata New Zealand New Zealand
"oeppigia procero Guat^-mala Guatemala 6'x8'-7' 5-6 years

p.^r^t,.: i..ini^n /Haiti Haiti 6'i8'-7' Nodata....
Prosopts jultflora

i Central America Central America
"sidium sp Brazil Brazil 2nd class....

P.R.R.
L.I.

')uaUa paraensis Brazil. Brazil 5'x7J'-7'6'..

Rhizophora Mangle. . . .

^oupala brasiliensis. . . .

Sacoghllis amazonica..

.

Salix Humboldliana.. . .

ichinopsis Lorentzii. . .

fBritish Honduras British Honduras 6'x8'-8' 3rd class...
\Brazil Brazil
Brazil Brazil 2nd class...

(Brazil \

\Guiana /

Brazil Brazil 3rd class...

(Argentine l^Ifa^r

P.R.R.
L.I.

L.L

7'x7'-8^6'
" )l2-35 years.. P.R.R.

Schinopsis sp.

.

Schinus Molle.

Shorea oblusa

.

iickingia sp
Sideroxylon
Mastichodendron . . .

Sideroxylon salicifolia

.

Sideroxylon Tempisque.
Silvia Jta-uba
Silvia navalium
Swartzia melanoxylon

.

Swartzia lomenlosa.. . .

Sweetia panamensis. . .

Svnelenia cirrhata. ...

Swielenia Mahagoni . .

Symphonia globulifera.

Fecoma chrysantha.. . .

(Paraguay Paraguay 5'xlO'-10' UptoSOyrs. \t t

\Guatemala Guatemala 6'x8'-7' 10-12 years.. /

G-temala &vS^" i ! ! ! ! ! ! ! ! ! K;8;-7;-;

Siam Siam
(e'ls'^'e'

}l6 years

Brazil Brazil

.

2nd class..

6'x8'-7' Nodata..
6'x8'-8'6' 20 years..

2nd class

.

5'x7i'-7'6'
6'x8J'-8'6'.... 1st class..
5'x75'7'6' 1st class..

Fecoma conspicua

.

Haiti Haiti
Cuba Cuba
Salvador Salvador
Brazil Brazil
Brazil Brazil
Brazil .* Brazil
Guiana U. S. A
Guatemala Guatemala
Salvador. Salvador
Costa Rica Costa Rica 6'x8'-7'.
British Honduras British Honduras 6'i8'-8'

f \'enezuela Venezuela 25-30 years

.

ISahTJdor Salvador

Brazil Brazil

P.R.R.

6'x8' -7' 5-6 years.

,

3rd class..

12 years . .

.

L.I.

Tecoma enrailia. Brazil Brazil

.

5'x7i'-7'6'.
6'x8'-8'6'..
7'x9'-8'6'. .

6'x8i'-8'6'.

Superior.

S years N.Y.N.H.&H.

Fecoma Guayacan

Fecoma penlaphylla. . . .

Fecoma Peroba
Fecoma rasa
Fecoma sp
dp")

Ferminalia angustifolia

Ferminalia Catappa . . .

Ferminalia
afF. januarensis

Ferminalia sp
(Jucaro Negro)

Ferminalia sp
(Merindyba)

Ferminalia sp
(guarajuba)

Torresea cearensis

Trichila sp
Virola Bicuhyba
VUex lucens
Vilex parviflora

(9 years
• \2e2nd class

.

Costa Rica 1^_ *„ n- c o» t. o
Panama JCosta Rica 6'i8'-7' 3 years.

Guatemala
Panama...
Brazil Brazil
Brazil Brazil
Brazil Brazil

Cuba.

>Guatemala 6'x8'-7'. years . .

.

2nd class

.

2nd class

.

1st rate. .

.

/P.R.R.
iL.I.

Cuba 6'x8'-8'6'..

co«t*R'<^«
{cosuRica::::::::::: Y^^--r....

27 years

2 years P.R.R.

Cuba Cuba.,

Brazil Brazil

.

Brazil Brazil.

10-25 years.

2nd class . .

.

2nd class..

.

Vouacapoua americana .

Weinmannia
trichosperma

(Brazil 1

l.^rgentine j

Brazil Brazil
Brazil Brazil
New Zealand. New Zealand

.

Philippines Philippines

Brazil
l?^tA::::::

y
[Peru

>Chile \ Bolivia
'

IChile

L.I.

3rd class

10-15 years

.

5'x7)'-7'6
6'x8'-8'6' N.Y.N.H.&H.
7'x9'-«'6'....

i
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Foreign Woods Used as Cross-Ties

(Exclusive of Europe)

(See similar list of additional woods for which scientific names are known)

Common name Habitat Used Size Service U. S. Trial

Acoa.. Brazl Brazil 3rd class

Acero Central America
{u^"s'l^.'".^"!'^.:

! ' '

'I ^'xO'-S'e' P.R.R.

AkaDamo...., Japan (u!'s"aV.: ! ! ! ! ! ! !!: ! ! ^j
G.C.& S.F.

., , /Central America \ -r, „„„ (!»„o» 7'
Alcareto (panama /

Panama 6 x8 -7 .

Amesela Brazil Brazil 3rd class.

.

Angazeiro Meudo Brazil Brazil 3rd class..

Araho Cuba Cuba 6"x8"x8'6'

Arapoca Amarella Brazil Brazil 2nd class..

Arolira Brazil Brazil
{8''x8'x9"}

Bacupari Brazil Brazil 3rd class

Barbasquillo U. S. A L.I.

Batinga Branca Brazil Brazil 6"x8"-8'6" 5 years
Biquare U. S. A L.I.

Bolo '. Central America JCen^ral America
j

p j^ j^

Cabelluda Brazil Brazil 3rd class

Cadelillo U. S. A L.I.

Cambui Vermelho Brazil Brazil 3rd class

Cameron U. S. A L.I.

Capebano Brazil Brazil 2nd class

Capitae do c:;mpo Brazil Brazil

Carbonero U. S. A L.I.
Cnrillo Cuba Cuba 6'x8'x8'6'
Ceiba-Blanca U. S. A - L.I.

Ceiba-Colorado U. S. A L.L
Chanul U.S. A .• L.L
Chechem Mexico Mexico 10-16 years
Chin! ok Mexico Mexico 10-16 year.?

Cierro Central America /Central America I 7'x9''-8'6" P.R.R.

Combwood Jamaica Jamaica 5'x9"x8' 14 years

Comito Central America JCen^tr^ America
J

p j^ p^

Coricollo U.S.A.'.'.'.'.'.'.'.'.'.'.'.".'.'.' L.L
Corralibe U. S. A L.L
Costillo U.S. A L.L
Coxte Guatemala Guatemala 6"x8''x7'

Cuajado Central America JCen^r^ America
j

Cutiuba Brazil Brazil

P.R.R.

Deodar India India 5'x9'x9' 12-15 yaar.s

Dormilon U. S. A L.L

Faia Nacional Brazil Brazil 3rd class
Faralaotra Madagascar Madagascar 7-8 years

Fave de Empigem Brazil Brazil
{7'x9'-8'6' }

N.Y.N.H.& H
Faveiropreta

_.
U. S. A L.L

Flor bianco Nicaragua Nicaragua 7'x8"-7' 9 years

Frio Central America jCen^tr^ America
| p j^ ^

Ganba Cuba Cuba 6'x8'x8'6'

Gorgojo Central America JCenJral America
j

p j^ j^

Grossahy Azeite Brazil Brazil
'. '.

2nd class
Guai'.ecas cypress Chile Chile
Guamerin Brazil Brazil 3M class.... ........... ...i
Guara Colorado Cuba Cuba 6"x8'x8'6'
Guarauna Parda Brazil Brazil Istejass >
Guarauna Preta Brazil Brazil Ist class i

Oiiilitrin^te /Nicaragua". Nicaragua 7'x8'-7'., In „„„,„^"'"^"'^*^
iGuatemala Guatemala 6'x8'-7' )9 years ,..-.

Hayaespirosa Mexico Mexico 10-16years

[guano Salvador Salvador 3rd class -.
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Foreign Woods Used as Cross-Ties

(Exclusive of Europe)

(See similar list of additional woods for which scientific names are known)

Common name Habitat Used Size Service U. S. Trial

Jabin Mexico Mexico ,-, ;
10-lR years..

Japarese Oak Japan Japan 6'x8'x8'

Javilian (heart) Costa Rica Costa Rica 6'x8'-7'.^ 3 years

Judau Brazil Brazil 18 x8'x9' !'!../

A. T. & S. F.

Jungle Wood India India 5'x9'x9' 12-15 years

Katsura Japan {uT aV. ..::: y.'.:: i' )
G.C.& S.F.

Machare U. S. A L.I.

iif»j^,« M-»«^« /Nicaragua Nicaragua 7'x8'-7' 9 years
Madero Negro (Costa Rica Costa Rica 6'x8'-7' 6 years

Mangalo Brazil Brazil 2nd class

Manu Costa Rica Costa Rica 6'x8'-7' 10 years
Maragoucalo U. S. A L-i.

Marcello U. S. A L.I.

Mare < U. S. A L.I.

Marillo Guatemala Guatemala 6'x8'-7' 4 years

Mascarey U. S. A L.I.

Mezcal Salvador Salvador ^ 3rd class

Mimiento Guatemala Guatemala 6'x8'x7 '

Mocytiba Brazil Brazil 3rd class

f5i'x7'x9' 1

Muira-Pinima Brazil Brazil <g-
»xs'x9

'

f

Muricy Vermelho Brazil Brazil 3rd class

Nararene Central America Central America P.R.R.
Nireosta Honduras Honduras 6'x8'x8' 2-25 years

Natillo U.S.A L.I.

Nato U.S.A L.I.

Pacorillo U.S.A L.L
Paochapada Brazil Brazil
Pinho Mineiro Brazil Brazil 3rd class

Pinuolo U.S.A L.I.

Pirutinga Brazil Brazil 3rd class

Piuna Brazil Brazil 6'x8'-8'6' {{fyiarl. }

Pracuhuba U.S.A L.I.

Puntero Guatemala Guatemala 6'x8'i7 ' 5 years

Pybkado India India 5'i9'x9' 12-15 years

Red Ironwood Jamaica Jamaica 5'x9'x8 ' 16 years .-

Rosul Guatemala Guatemala 6'x8'x7'

Sil India India 5'x9'x9' 12-15 year.<

Sebastiao Arruda Brazil Brazil 2nd class

Sen Japan {u''s"a ) G.C.& S.F.

Sobrasil Brazil Brazil 1st class

Tajuba Brazil Brazil Ist class .

.

Tanbu Rosa Brazil Brazil 3rd class..

Tanburil Brazil Brazil 3rd class..

Tatu Brazil Brazil 3rd class..

Tento Brazil Brazil 3rd class..

Toxob Mexiro Mexico 10-16 years
Turuman Brazil Brazil 2nd class..

Ubatinga Brazil Brazil

Valdiva Central America Central America 7'i9'-8'6' P.R.R.
Voanibosna Madagascar Madagascar 7-8 years

YachiDamo Japan (u^s'a }

Yanilla Cuba Cuba....... 6'i8'x8'6'
Yaxex Mexico Mexico 10-16ycars.

G.C.& S.F.

k
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Conclusion

The information available to the Committee, and presented in the

previous pages, does not hold any hope that any shortage which may
occur in the supply of American ties can be met by the importation of

foreign vi'oods which are both durable and strong. Some of the Central

and South American countries which seemed likely sources of supply sev-

eral years ago are importing ties—their native woods are not sufficient

or suitable. It may be that preservative treatment will make useful in

tropical countries woods which now give in their railroads the short

service shown in the data supplied and that the supply of such woods in

some countries will thus be made available for export; but there are no

present indications that ties of foreign woods which will give satisfactory

service in the United States, untreated, are to be had in large quanties at

competitive prices.

According to Mell, in the article already referred to, "In considering

this problem one must bear in mind that there is a demand locally in all the

tropical American countries for logs and lumber from the native forests.

The very best timbers are the kinds in common use, and in almost every

instance they are the kinds that would be available for ties. The market

price for such wood is based on what the native labor is willing to get

the material out of the forest and dehver it to the market for. The cheap-

est way, and at present the only practical way, to get these logs out is

that followed by the native woodsmen, whose wages are calculated on

their native monetary basis. The price set by local operators for logs

delivered to market will be more advantageous to American operators

than that which their logs of similar quality and sizes would bring, if they

were reduced to ties and delivered to the United States."

Although Europe as a whole has no surplus forest resources to export,

it may be that the need for money in the countries which have wood to

spare and the lack of money in the adjacent countries which are normal

customers for this forest produce will bring about the importation into

the United States of the woods which are used for ties in Europe. How-
ever, the present prices at which ties are produced along the railroads in

this country will have to advance before imported ties can compete under

the handicap of ocean freight.

Since Southern South America lacks sufficient timber to supply its own
needs and the vast stores reputed to exist in the Upper Amazon are not

likely to be available for a long time, any proposals for tics of tropical

woods worthy of serious consideration, so far as reliable supply is con-

cerned, would be confined to Northern South America, Central America,

and Mexico.

Confusion in the names of foreign woods may have resulted in some

of the poor service from some woods being charged against better woods.

Any railroad which undertakes to test ties of foreign woods should have

the woods identified by a dendrologist, so as to be in a position to know
what wood it is handling and to avoid it or get it again as may be desired.

Before giving any consideration to a tropical wood, information regarding

it should be sought in "Timbers of Tropical America" by Record and

Mell, which is the best publication in English regarding such woods.
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Exhibit A

QUESTIONNAIRE TO RAILROADS USING TIES OF
FOREIGN WOODS

Please answer the following questions for ties of each kind of foreign

wood with which you have had experience

:

1. Common name
2. Scientific name
3. Grown in what country

4. In what locality

5. What was thickness, width (on top face) and length of tie

6. Sawn or hewn
7. If hewn, two sides or four

8. About what percentage heartwood
(a) Sawn ties

(b) Hewn ties

9. Were ties furnished up to specifications under which purchased
10. Can you give approximate weight per cu. ft.

11. Were ties air-seasoned before treatment or before being put in track

if used untreated

12. If air-seasoned, how loug in given locality, or to what percentage
of moisture content

13. Were ties bored for spikes

14. Were ties dapped for plaie

15. Were ties treated

16. If so, with what preservative

17. How much per cu. ft. of timber or per tie

18. By what process treated

19. Inserted in track in what locality

20. What is approximate average annual rainfall for that locality

21. Extremes of temperature
22. Main or branch line

23. Main or sidetrack

24. Under what traffic

25. Were ties put in track out of face or spotted in

26. Were they tie plated

21. If so, what size and pattern plate

28. Were cut or screw spikes used
29. What was size of spike used
30. What shape and kind of point

31. Under what weight and section of rail used
32. In what kind of ballast

33. Number inserted in tracJ:

34. Date inserted in track

35. Date of last inspection

36. Number still in track or date of last inspection

2)1

.

Per cent removed from track to date of last inspection

38. Average life of ties removed from track

39. Life given by ties still in track to date of last inspection
40. Average life of all ties to date of last inspection
41. Approximately what per cent failed account

:

(a) Decay
(b) Splitting or brooming
(c) Mechanical wear
(d) Other causes

42. Remarks
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Exhibit B

QUESTIONNAIRE COVERING SUPPLY AND AVAILABILITY OF
TIES OF FOREIGN WOODS

Please insert names of woods suitable for tie purposes at the head of

each column, giving as much information as possible covering each, in

line with the following questions:

Woods grown in (give name of country)

1. Common name
2. Scientific name
3. Locality in which grown
4. Average annual rainfall

5. Extremes of temperature

6. Something about the quantity available for ties

7. Facilities for getting ties to port

8. Something about cost of getting ties to port, or at about what price

could they be purchased at port

9. Freight rate to United States

10. What is weight per cu. ft. of ties of this wood:
(a) Seasoned
(b) Green

11. Are ties of this wood used in railroads of country in which they are

grown
12. If so, what sizes of ties are used by the railroads

13. Do they use tie plates under the rails

14. In what kind of ballast

15. Under light or heavy traffic

16. What life do they get from ties of this wood
17. Is life dependent to large extent on time of cutting? If so, when

is best time to cut

18. Do ties in that country fail primarily from
(a) Decay
(b) Mechanical wear from spikir.g or rail cutting

(c) Checking and splitting

19. Are ties now being exported? If so, to what countries and in what
approximate quantities

20. If not, is there a general desire to export timber

21. Remarks



Ties 1079

Appendix D

SPECIFICATION FOR TIE PLUGS

M. S. Blaiklock, Chairman, Sub-Committee; J. K. Conner, A. R. Dewees,

H. C. Hayes, S. B. Fisher, J. W. Williams.

The investigations of Sub-Committee No. 4 of Tie Committee on

the question of Specifications for Tie Plugs leads to the opinion that the

softer woods are preferable for use as tie plugs, both treated and un-

treated, as they fill the spike hole better, absorb moisture, swell and stay

in the hole and are less liable to split the tie than hardwood.

Tie plugs should be driven to full depth and with the widened head

parallel with the tie so as to take up any enlarging of the hole back of

the spikes.

Treated tie plugs should be used in all treated ties.

The following specification for tie plugs is recommended

:

SPECIFICATION FOR TIE PLUGS

Material.

Kinds of wood. The following kinds of wood are suitable for use

in the manufacture of tie plugs : Ash, Beech, Birch, Catalpa, Cedar,

Cherry, Chestnut, Cypress, Elm, Fir, Gum, Hackberry, Hemlock, Larch,

Locust, Maple, Mulberry, Oak, Pine, Poplar, Redwood, Sassafras, Spruce,

Sycamore and Walnut.

General Quality.

Tie plugs shall be sound, seasoned, straight grained, and free from

knots or other defects.

Design.

The following general design is recommended

:

T
(0

-r

T

_1
Uc -,;



1080 Ties

Dimensions.

Tie plugs shall be of two general sizes for 5/8-inch and 9/16-inch

standard spikes. Before manufacture producers will ascertain which of

the two sizes are required. The following dimensions are recommended

:

B S H C W L (See diagrams)

For 5/8" Spike 11/16" 5/8" 1" 1/2" 5/8" 4-1/2" to 5" or same length
3.S soiKC used

For 9/16" Spike 5/8" 9/16" 1" 1/2" 9/16" 4-1/2" to 5" or same length

as spike used.

Manufacture.

Tie plugs shall be made in multiple or singly.

Delivery.

Multiple plugs shall be shipped in bundles of multiples of 100 securely

tied by wire. Single plugs shall be shipped in bags as desired by the

purchaser.
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FOURTH PROGRESS REPORT OF THE SPECIAL
COMMITTEE ON STRESSES IN TRACK

Arthur N. Talbot, Chairman; W. M. Dawley, Vice-Chairman;
G. H. Bremner, George W. Kittredge,
C. B. Bronson, Paul M. LaBach,
John Brunner, C. G. E. Larsson,
W. J. Burton, G. J. Ray,
Chas. S. Churchill, Albert F. Reichmann,
W. C. Gushing, H. R. Safford,
C. W. Gennet, Jr., Earl Stimson,
H. E. Hale, F. E. Turneaure,
J. B. Jenkins, J. E. WiiLLoucHBY,

Committee.

To the American Railway Engineering Association:

The Special Committee on Stresses in Track herewith presents its

fourth progress report.

I. INTRODUCTION

1. Preliminary.—As has been the case since its organization in

1914 the Committee has co-operated with the Special Committee to Report

on Stresses in Railroad Track of the American Society of Civil Engineers,

the membership of the committees of the two societies being almost iden-

tical, and this report is presented simultaneously to the two societies, and

also to the American Railway Association, which has furnished financial

support and has otherwise co-operated in the work of the investigation.

The first progress report of the Committee was published in Vol. 82

of the Transactions of the American Society of Civil Engineers (1918) ;

it may also be found in Vol. 19 of the Proceedings of the American Rail-

way Engineering Association. The second progress report was published

in Vol. 83 of the Transactions of the American Society of Civil Engineers

(1920), in Vol. 21 of the Proceedings of the American Railway Engineer-

ing Association, and as Circular No. S-II-10 of the American Railway

Association. The third progress report was published in Vol. 85 of the

Transactions of the American Society of Civil Engineers, Vol. 23 of the

Proceedings of the American Railway Engineering Association, and Cir-

cular No. IV-32 of the American Railway Association. In the three

progress reports, comprising in all about 520 pages, the tests that have been

made on railroad track and in the laboratory to give information on the

action of rails, ties, and ballast imder the loads of locomotives are

described and the results compared and discussed. The data and discus-

sion of a great variety of tests are to be found in the reports given in

these Transactions and Proceedings of the societies.

The work herein reported includes tests on straight track and curved

track of the electrified portion of the Chicago, Milwaukee & St. Paul Rail-

way in Montana with several types of electric locomotives, one steam

locomotive, and loaded freight cars, reported as "II. Tests on the Chi-

1084
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cago, Milwaukee & Si. Paul Railway," and tests on straight track and

curved track of four eastern railways with steam locomotives and loaded

cars under the heading "III. Tests on Eastern Railroads," which were

made principallj' to get information on the influence of canting of rail

by the use of inclined tie plates. With the great amount of material ob-

tained in the field work it was not possible, in view of the limitations

of space, to report all the data of the tests, and an effort has been made
to choose for publication those parts which have the most direct bearing

on the problems considered and which also may be useful for purposes

that may develop hereafter.

The Committee is continuing work on the subject assigned to it.

2. Acknowledgment.—Since the third progress report was
issued, the expenditures incurred in carrying on the work of the Commit-
tee have been taken principally from contributions made by the American

Railway Association. The Committee expresses its appreciation of this

support. Important contributions have also been received from com-

panies that manufacture steel rails, these funds being handled through

the American Society of Civil Engineers and the American Railway Engi-

neering Association. The Committee expresses appreciation of the con-

tributions made by the Illinois Steel Company, the Carnegie Steel Com-
pany, the Tennessee Coal, Iron & Railroad Company, the Algoma Steel

Corporation, the British Empire Steel Corporation, the Cambria Steel

Company, the Bethlehem Steel Company, the Colorado Fuel & Iron Com-
pany, the Midland Steel Company and the Westinghouse Electric & Manu-
facturing Company.

The co-operation of railroads in furnishing facilities for the test work

has itself been an important contribution. The Chicago, Milwaukee &
St. Paul Railway, C. F. Loweth, Chief Engineer, and L. K. Sillcox, Gen-

eral Superintendent of Motive Power, gave excellent opportunities for the

conduct of the test work by providing locomotives, track, train crews, and

other facilities throughout the six weeks occupied by the tests. L. J.

Murray, special apprentice, gave valuable assistance throughout the tests,

and others of the Engineering, Mechanical and Operating Departments

were very helpful. On the eastern work, the Baltimore & Ohio Railroad,

Earl Stimson, Chief Engineer Maintenance, the Reading Company, R. B.

Abbott, Assistant General Superintendent, the Lehigh Valley Railroad,

G. L. Moore, Engineer Maintenance of Way, and the Richmond, Fred-

ericksburg & Potomac Railroad, E. M. Hastings, Chief Engineer, all

furnished adequate facilities for making the tests conducted on the track

of these several railroads. In the tests on both the Chicago, Milwaukee

& St. Paul Railway and the eastern railroads much interest was taken

and valuable assistance rendered by those in charge of operation.

The field and office work has been carried on by a regular staff well

fitted for this class of work. E. E. Cress, Assistant Engineer of Tests in

charge of field and office work and the reduction of data and preparation

of material, is entitled to much credit; his thorough familiarity with

details, keen grasp of the problem, and helpfulness in the study and prepara-

tion of the data have made his services particularly valuable. Louis J
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Larson, Associate in Theoretical and Applied Mechanics in the University

of Illinois, by reason of his special training and insight in testing work,

has given valuable service in both laboratory and field v^^ork during the

summer seasons. R. Ferguson has given helpful service in the field work,

the reduction of data, and the preparation of the report, as did H. L. Parr

in the field work. Others have assisted in the work from time to time

and all have given loyal and careful service.

The University of Illinois has continued to co-operate in the work
by giving the use of laboratory, shop, and office facilities, and through the

service of the members of the staff of the Engineering Experiment Station

from time to time.

II. TESTS ON THE CHICAGO, MILWAUKEE & ST. PAUL
RAILWAY

3. The Tests.—The tests on the Chicago, Milwaukee & St. Paul
Railway were conducted in July and August, 1923, on the electrified sec-

tion of the railroad near Lennep and Loweth, Montana, stations which
are on the Rocky Mountain Division 35 and 45 miles west of Harlowton.

A purpose of the tests was to obtain data by which the effects on straight

track and on medium and sharp curves produced by the several types of

electric locomotives run at several speeds could be judged and compared
with each other and with a standard type of steam locomotive. Stresses

in the rail under and between wheels and for both vertical and lateral

bending of the rail were determined and various other observations bear-

ing on the action of the rail and the locomotives were made.

4. The Track.—The track on which the tests were conducted

was the single track main line. The test section of straight track was
within the yard limits of Lennep about 2,500 ft. east of the station building

and alongside of a passing track. The gradient was 0.79 per cent down-
ward to the east. The test section of 6° curve was at Loweth near the

telegraph office and a short distance eastward from the summit of the pass

over the Belt Mountains. The gradient was 0.79 per cent downward to

the east. A passing track lay alongside. The test section of 10° curve

was about 2,300 ft. west of the Lennep station building. Its gradient was
0.75 per cent downward to the east. The 6° curved to the left and the 10°

to the right when going eastwardly, the direction in which the test runs

were made. All three test sections were on a slight fill, which was solid

and well compacted.

The rail was 90-lb. A.R.A.-A. That on the straight track was laid in

1918, on the 6° curve in 1916, and on the 10° curve in 1921. The rail on

the straight track and 6° curve was only slightly worn. On the 10° curve

the outer rail was worn one-eighth inch or more on the gage side ; there

was a small lip on the inner rail. The moment of inertia of the full sec-

tion about a horizontal gravity axis is 38.7 in.* and that about the vertical

gravity axis 7.5 in.'* The corresponding section moduli I
—

| are 15.2

[ c ]

in.* about the horizontal axis and 2.9 in.* about the vertical—^both of these

;



Stresses in Railroad Track 1087

being with respect to a fiber at the base of rail. As the wear of the rail

affects the value of the section modulus with respect to the base of rail

f
^ 1

only slightly, the values of —
j

for the full rail were used in the

calculations to determine bending moments from stresses in rail. The
splice bars were 24-in. heat-treated angle bars of A.R.A.-A. design.

The tie plates were 6J^ by 9 in. on the straight track and 10° curve,

and 6j/2 by 8j4 in. on the 6° curve. The eccentricity of the former (dis-

tance from center of length of tie plate to center of base of rail) was

A in. and of the latter ts in. The tie plates were approximately flat.

The ties were 7 by 8 in. by 8 ft. untreated fir and except for renewals

had been in track eight years. The ties at the test locations were in fairly

good condition except a few on the 6" curve. On the straight track the

spacing was 18 to the rail length of 33 ft., and on the two curves 20.

The ballast was mainly gravel. On straight track it extended 17 in.

below the bottom of the tie and on the 10° curve 15 in. On the 6° curve

there were 12 in. of mixed gravel, cinders and sand. In all cases the

lower part of the ballast was good but the upper part was in poorer

condition.

The maintenance work for the season of 1923 had been deferred until

after the tests were made so as not to change conditions, and the track

was thus not up to the usual standards of the railroad.

Generally it was in only fair surface and alignment. At the test

location on straight track the alignment was fairly good, though on

each side there were stretches with poor alignment. The surface was
somewhat uneven. In spots tamping was needed. A number of the tie

plates next to the joints were found to be somewhat loose. The 6° curve,

a point where speed of trains was generally slow, was in poorer condition,

the inner rail being uneven and a number of the tie plates under that rail

being loose. At the test section the alignment was good. The 10° curve

was in very good condition, holding close to a 10° curvature, except that

the alignment over a pile bridge 200 ft. west of the test section was poor

and that of the easement at the beginning of the curve was not good;

other than at these points the locomotives rode well on this curve to a

point well beyond the test section. The condition of the track in the

three locations is described at this length in order that it may be judged

whether conditions of the track over the approach to the stretches at

which the instruments were located would be likely to affect the action

of the locomotives and cars in their passage over the test sections, par-

ticularly at the higher speeds.

The gage on the test section and adjoining it was 4 ft. &l^ in. on

straight track, 4 ft. 8^ in. on the 6° curve, ranging from 4 ft. 8^ to 4

ft. 9% in. on the 6° curve, and 4 ft. 9 in. on the 10° curve with little

variation. The superelevation of the outer rail of the 6° curve was 3.2 in.,

corresponding to a speed of 29 miles per hour, and there was little varia-

tion from this value. On the 10° curve the superelevation was 3.9 in.,

corresponding to a speed of 24 miles per hour. The maximum speeds

used in the tests, 50 miles per hour on the 6° curve and 40 miles per hour
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on the 10° curve, were more than one and two-thirds times the speeds

corresponding to the superelevation.

The data from measurements of the depression of the rail made
under the weight of a loaded car and of a. light caboose and used in the

calculation of the value of the modulus of. elasticity of rail support, u,

by the method described in previous progress reports, gave an average

value of 1,100 lb. per in. for the straight track.

5. The Locomotives and Cars.—Three principal types of electric

locomotive were in regular use on the electrified portions of the railroad,

(a) the General Electric freight locomotive, (b) the General Electric

passenger locomotive and (c) the Westinghouse-Baldwin passenger loco-

motive. The last type was represented in the tests by three forms, the

original form of the locomotive and two modifications. The five electric

locomotives used in the tests then represented all the types of motive

power used for main line service on the electrified divisions of the rail-

road. The steam locomotive was represented by one of the Mikado type.

The General Electric freight locomotive is described in detail in the Gen-

eral Electric Review for November, 1916, page 929. A description of the

General Electric and Westinghouse-Baldwin passenger locomotives of

the C. M. & St. P. Ry. may be found in two articles in the Journal of

the American Institute of Electrical Engineers for April, 1920. These

articles and information, received from the railroad company form the

principal basis for the descriptions, which follow.

The three principal types of electric locomotive differ widely in both

the mechanical and the electrical features of their design. A common
characteristic was that the axles of the drivers were individually driven,

separate motors being applied to the driving axles, and there were no

connecting rods or side rods for which counterbalancing must be provided,

and therefore no stresses in the track due to imperfect counterbalance.

All the electric locomotives were symmetrical with respect to the center

of their length.

The power supply was direct current of 3,000 volts.

In Fig. 1 and 2 are diagrams of the locomotives—wheel loads and

spacings and other data. A diagrammatic representation of the equaliza-

tion system is given in Fig. 3 and 4. Additional data will be found in

Table 1.

The General Electric freight locomotive 10221 had been in freight

service since 1916; it does not differ from the other freight locomotives

in use on the electrified divisions. The characteristics of this type, as

affecting the action on the track, are the unusually long wheel spacings,

the great overall length, and the fact that a spring gear drive with axle

suspension motors is used. The suspension of the motors puts on each

driving axle an unsprung weight of 16,250 lb., a greater unsprung load

per axle than is found in either of the newer types. Each half of the

locomotive has a four-wheel guiding truck similar to the ordinary type

used on steam locomotives, and two trucks each containing two pairs of

drivers. There is a hinged connection between the two halves, which also

permits some vertical movement, but no horizontal movement other than
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Fig. 1.—Diagrams of Electric Locomotives of the C. M. & St. P. Ry.
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Diagrams of Steam Locomotive and Cars of the C. M. &
St. p. Ry.

Table 1

of Electric Locomotives of the Chicago,Data of the Three Types

Milwaukee & St. Paul Railway-

General Electric
Freight

Locomotive
10221

General Electric

Locomotive
10254

Westinghouse-
Baldwin

Locomotive
10302

Total weight of locomotive, pounds
Total weight on drivers, pounds
Average load per driving wheel, pounds . . .

.

Unsprung weight per driving wheel, pounds
Diameter of driving wheels, inches
Length over all, feet
Height of center of gravity, inches
Number of motors
Total horsepower, one hour rating
Total horsepower, continuous
Total tractive effort, continuous, pounds
Corresponding speed, miles per hour.

569,225
447,100
28,000
8,100

52
112.0
62.6

8

3,440
3,000
70,700

15.9

547,700
485,300
20,200
4,800

44
76.0
60

12

3,500
3,200

42,000
28.4

617,500
390,700
32,600
3,900

71.5
6*

4,200

3,400
49,000
26.0

•Twin Armature Motors.
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Fig. 3.

—

Diagrammatic Representation of the Equalization Systems
OF THE Locomotives.

Locomotive 10302 &. 10306

Firsi Half cf Locomotive

Fig. 4.

—

Diagrammatic Representation of the Equalization Systems
OF THE Locomotives.
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a swing. The two sections of the cab are supported on bolsters set mid-

way between pairs of driving axles ; the center plate on the bolsters allows

longitudinal and pivoting movement, but no lateral displacement of the cab.

The General Electric passenger locomotive 10254 is of the type used

between Othello and Tacoma, Wash., and had been in service since 1920.

The locomotive is driven by bi-polar gearless motors having the armatures

wound on the axles. Other characteristics of the locomotive, as affecting

the track, are the large number of drivers, which are very closely spaced,

and the relatively small diameter of the drivers and the relatively small

loads they carry. The close wheel spacing has an important effect in the

development of smaller stresses in the rail than would occur with a longer

spacing. The first two of the twelve drivers on one side are grouped

in a truck frame with a guiding wheel, then follows a unit of four drivers

;

the second half is the reverse of this. The running gear is thus articu-

lated in three places. The cab is divided into three sections and sup-

ported in an unusual manner. The end sections contain auxiliary equip-

ment, switches, resistances, and the compartments for the crew. These

end sections are fastened rigidly at the center of each middle set of driv-

ers and rest upon rollers bearing on inclined planes over the end sets of

the running gear. The center section containing the train heating and
lighting equipment is suspended from four brackets on the adjacent ends

of the other two sections and has no other connection with the rest of

the locomotive to give it support. The guiding axle at either end of the

locomotive is allowed some lateral play but the movement is damped by

wedges placed above the journal boxes. Other details bearing on the

action of the cab and running gear in traversing curves can not well be

given. Having the motor armatures on the axles places a considerable

proportion of the total axle load below the springs; the results of the

tests thus have some bearing on the problem of the effect of the unsprung

weight on the track. The unsprung or dead weight per driving axle is

given as about 9,600 lb. In order to have one of this type for use in the

tests, this locomotive was brought from the Coast Division a distance of

600 miles, including the intermediate non-electrified divisions of the

railroad.

The Westinghouse-Baldwin locomotive 10302 is of the type being

operated between Harlowton, Mont., and Avery, Idaho, and had been in

service since 1920. This locomotive is essentially two Pacific running

gears coupled back to back, supporting a single cab that extends the

whole length of the locomotive. It has "Woodward" four-wheel guiding

trucks and "Rushton" trailers. The coupling between halves of the run-

ning gear consists of a long bar with a pin at each end. The cab is sup-

ported by six spring plungers on each half of the running gear, two being

in line with the center pin and two at each end. The driving torque is

transmitted from twin armature motors (this weight being spring sup-

ported) to a quill drive and thence to the individual driving axles. Since

they were put into service, the weight of all the Westinghouse-Baldwin

locomotives has been increased by the substitution of heavier frames,

by additional bracing for the cabs, and by changes in the quill drives, so
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that the wheel loads reported in the diagrams and tables are somewhat
higher than those named in the earlier descriptions of the locomotives.

Modifications had been made in two of the Westinghouse-Baldwin

locomotives in an effort to find whether improved lateral flexibility and

gain in maintenance would result, and these two locomotives were also

used in the tests. In locomotive 10308 the cab was given a different sup-

port, the ends being held on a long vertical link or pendulum ; a different

connection was made between the two halves of the running gear, but

the "Rushton" trailers were allowed to remain. The cab of locomotive

10301 was divided into two parts, and the overall length increased about

10 ft. Two four-wheel trucks were placed in the middle, replacing the

trailers or forming two sets of double trailers. A link was placed in

this truck of the second half of the locomotive to improve its guiding

action. The addition of four wheels decreased the weight on the drivers

somewhat.

Locomotive 8675 is a Mikado type freight locomotive known as the

heavy U. S. Railroad Administration design (Type L3 of the C. M. & St.

P. Ry.) and had been in service since 1919. It had been run 20,000 miles

since shopping. It was brought in from the Musselshell Division at Miles

City, Mont., for use in the test. The weight on a trailer is nearly as

great as that on a driver. The total load on the drivers* was 239,000 lb.

The same design is in use on railroads in various parts of the country.

In comparing the locomotives, it is seen that the driving wheel base

was 10 ft. 6 in. on the General Electric freight locomotive, 13 ft. 9 in.

on the General Electric passenger locomotive, 16 ft. 9 in. on the West-

inghouse-Baldwin passenger locomotives and the Mikado type. Even the

last two are considerably shorter than the wheel base of 22 ft. found

with Santa Fe type locomotives. The diameter of the drivers of the

General Electric freight locomotive was 52 in., that of the General Electric

passenger locomotive 44 in., that of the Westinghouse-Baldwin loco-

motive 68 in., and that of the Mikado tj'pe 63 in. The locomotives were

taken direct from service without change or special preparation. All of

them may be said to have been in ordinarily good condition mechanically.

Although the electric locomotives were designed to run in either

direction, for the tests generally the test runs were made eastward with

the following named end in front: 10221, B; 10254, A; 10302, No. 2; 10308,

No. 1 ; 10301, No. 2. It was the practice to turn some of these locomotives

at the end of each run for a certain mileage, then to reverse their direc-

tion for a time.

The freight cars were C. M. & St. P. Ry. coal cars that had seen

much service. They were loaded with coal in a way to give nearly equal

weights on the two ends. The weight was taken for each truck of the

loaded car and then the whole car was weighed as a check. The wheel

loads given in Fig. 2 arc one-fourth of the load on one end of the car.

The wheels were 33 in. in diameter, and the wheel base 5 ft. 6 in.

•The unsprung weight, including the wheel and axle and bearings, a proportion
of the connecting rod and side rods, but not the effect of counterbalance at speed,
is estimated to be 6,000, 6,500, 10,000 and 6,000 lb., respectively, for a first, second,
third and fourth driver.
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6. Conduct of Tests and Reduction of Data.—The methods em-
ployed in the tests of track were generally the same as those used in the ,

tests described in the previous progress reports. Eight stremmatographs

were used simultaneously. These instruments had been rebuilt with some

minor improvements over the form described in the first progress report.

Four stremmatographs were placed on one rail between ties at distances

apart of about 6 ft., and the other four instruments directly opposite on

the other rail. The driving mechanism used rotated the discs of all the

instruments simultaneously. The correlation of a point on the record of

one of the discs with the point of any other disc at the same moment was

possible. As the locomotive passed the test section a record of the strains

in the rail was made on each instrument. The passage of each wheel of

one side of the locomotive thus was recorded on four instruments, and

each wheel of the other side on four other instruments. As in each instru-

ment one disc recorded the strain at one edge of the base of rail and

another that at the other edge, the differences in the stresses at the two

edges, and therefore the lateral bending stresses, were obtainable. Three or

four runs were recorded on a disc, according to the length of the locomo-

tive. The discs were then taken out of the instruments and fresh ones

inserted.

Except in the motoring-regenerating tests made with two locomotives

in action, the power was shut off as the locomotive approached the test

section of track and the locomotive "coasted" past the instruments. The
speeds were read from a speedometer in the cab connected with the

tread of a wheel, the instrument having been checked up over a meas-

ured length of track. The locomotives were easily controlled to give

the speed desired. After a run, the locomotive was backed over the

track and the next run made. The speeds used in the tests ranged from

5 to 60 miles per hour on straight track, 5 to 50 on the 6° curve, and 5 to

40 on the 10° curve. The sequence was usually 5, 25, 40, and 60, or 5, 30,

40, and 50, or 5, 25, and 40 miles per hour. About sixteen runs were

made at each test location for each speed with the General Electric freight

locomotive, the General Electric passenger locomotive, and the original

form of the Westinghouse-Baldwin locomotive, and about eight runs

with the other forms of Westinghouse-Baldwin locomotive and the Mikado
type locomotive and cars.

Fig. 5 shows the position of the stremmatographs in one of the tests

of curved track. Variations from this arrangement were made, but the

diagram is representative of all the tests. As the track was laid with

alternate joints it was necessary that a rail joint lie within the test section.

The process followed in the reduction of the data obtained by the

stremmatographs was the same as that which was described in the earlier

progress reports. The stremmatograph records were read with a binocular

microscope fitted with a micrometer eyepiece. Readings were taken for

points in the record corresponding to a wheel over the instrument and to

a point between wheels, the high point of the record being assumed to

have been made when the wheel was directly over the instrument. In
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reducing these measurements the readings were multiplied by the proper

microscopic constant and then reduced to stresses by multiplying by a

constant which involves the position of the neutral axis of the rail section,

the vertical distance of the needle bar below the base of rail, the modulus

of elasticity of steel (taken as 30,000,000 lb. per sq. in.), and the gage

length (which was four inches). A correction was also made to allow

for the variation of moment and stress over the gage length to obtain

the maximum stress at the middle of the gage length by multiplying the

average stress over the gage length for wheel over instrument by the fac-

tor 1.04, as was done with the tests recorded in the first progress report,

so that the stresses reported at points of positive moment are stresses

in pounds per square inch at the base of the rail at the middle of the

gage length. The variation over the gage length at points of negative

moment was slight and no correction was used for the stresses at such

points.
j

<* ' l^l^j
The records on the discs were found to be unusually good—that is,

readable and definite. As must be expected some of these were indefinite

Fig. 5.

—

Position of the Eight Stremmatographs in a Test of Curved

Track.

and not usable. On the straight track, those obtained at all but the speed

of 60 miles per hour generally were clear, probably 85 per cent were usable.

At the speed of 60 miles per hour, the proportion available was much
less, the jar from the rail affecting the clearness of the record; particu-

larly the two instruments on one rail adjacent to the joint gave less than

half usable records. On the 6° curve the proportion of usable records at

50 miles per hour was considerably less than at the lower speeds, but

the outer rail gave better records than the inner. The records on the

10° curve were generally excellent at all speeds, the proportion of usable

records being about 95 per cent.

All readable records were used in making up the averages even though

the corresponding record on the companion disc was defective. In calcu-

lating stresses in rail on straight track, instead of first taking the average

of the individual stress at the two edges of the rail, the average of all

usable stresses at one edge of the base at a given speed was calculated,



1096 Stresses in Railroad Track

and also the average at the other edge, it having been found that for good
records the results are nearly the same as obtained by first averaging the

individual values at the two edges. In calculating the ratio of stress at

outside edge to mean stress in base of rail, individual ratios were desired

and the only values used were those having usable records for the two
edges made at the same time. On curved track, average values were cal-

culated, for each edge of base of rail separately, ratios for the two edges

not being found.

The accuracy of the records and their reduction is considered to be

at least as good as that of the stremmatograph data reported in the previ-

ous progress reports—say, 800 lb. per sq. in. for an individual record and
perhaps 300 lb. per sq. in. for the averages.

The time required to make the 320,000 microscopic measurements of

the records involved in the western work was considerable, though with

clear records skilled observers made 1,200 such readings in a day.

On the curved track, measurement of the lateral movement of the

inner and the outer rail as the locomotive moved by at a speed of about

2 miles per hour was made. A wooden bar with an Ames dial gage at one

end had one end attached to a fixed point 5 ft. from the rail and the other

against a point on the head of the rail, the dial being read as the wheel

passed and at a point midway between wheels. Measurement was made
of the position of the flanges of the wheels of the locomotive after it came
to rest on the two curves without the application of brakes, and also of

the alignment of the axles and the amount of the journal play under

the same condition. The contour of the tires and of the rails was also

obtained.

During the latter part of the time given to the field work a method
was developed for determining the position of the bearing of the wheel on

the rail as it passed by at any speed. A copper wire placed under one rail

and over the other was kept taut and pulled a distance of about 6 in.

between the passage of one wheel and the next, one man pulling the wire

and another at the other side of the track keeping steady tension in the

wire. Near the end of the field tests, it was found that a series of punch

marks in a line along the head of the rail would give impressions on the

wire that enabled the position of the flattened wire to be determined accu-

rately with respect to the width of the head of the rail and thus the bear-

ing of wheel on rail to be known. If the flange of the wheel passed quite

close to the rail an impression by it was also made. The wire used was
that available ; the diameter ranged from 0.06 to 0.10 in.

7. Results of Tests on Straight Track.—The tests on straight

track give information on the stresses in rail developed by the six t3T)es of

locomotives with their great variety of wheel spacings and loadings, of

positions of load, and of arrangement of springs and equalizers; they also

provide a basis for a comparison with the results on curved track.

In Tables 2 and 3 are given the values of the mean stresses in base

of rail under each wheel at three or four speeds for the five electric loco-

motives, each value being the average of the records of the eight instru-
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ments on the two rails. The mean stresses in base of rail developed by

the Mikado type locomotive are given in Table 5. In Fig. 6 to 12 the

values of the mean stress in base of rail are plotted to scale and also

the mean stress for points between wheels. It should be noted that each

value is the average of a large number of observations and that individual

observations will be either greater or Idss than the average value.

It will be seen that the stresses developed in the 90-lb. rail under the

drivers at a speed of S miles per hour average about as follows : General

Electric freight locomotive (10221), 17,000 lb. per sq. in.; General Electric

passenger locomotive (10254), 8,000 lb. per sq. in.; Westinghouse-Baldwin

passenger locomotives (10302, 10308, and 10301), 15,500 lb. per sq. in.,

ranging from 13,500 to 19,700 lb. per sq. in. under the several drivers; and
Mikado type locomotive (8675), 12,000 lb. per sq. in., varying from 10,000

to 14,000 lb. per sq. in. under the several drivers. With the exception of

the General Electric passenger locomotive, which developed smaller

stresses in the rail, these stresses are within the general range of stress

noted in the previous progress reports for the heavy steam locomotives

with 90-lb. rail on straight track at the low speeds. In the discussion of

the effect of speed upon stress in rail that is given in the article which
follows, it is shown that a change of speed from 5 to 40 and 60 miles

per hour results in an increase of stress in rail that is generally less than

was found in the tests previously reported.

In the first progress report a method* was developed for calculating

the stresses in the rail produced by any arrangement of static wheel

loads on a track with a given rail and known stiffness of track. The effect

of individual wheels, both for the rail under the wheel and for points away
from the wheel, was determined from a formula which involved the wheel

load, the moment of inertia of the rail, and the stiffness of the rail sup-

ports (ties and ballast) and from a master diagram that shows the change

in bending moment away from the wheel. As an illustration of the effect

of wheel spacing and load, calculations of stresses have been made by

this method for locomotive 10221 and 10254, and the values of the cal-

culated stresses in the rail have been plotted as shaded lines in Fig. 6 and

7 beside the observed stresses at 5 miles per hour. A comparison of the

two sets of values shows that the stresses and their distribution are quite

similar, probably as nearly the same as are the nominal and the real

weights. For locomotive 10254, the calculated stress at points between

wheels, for negative moments, is somewhat greater than the observed

stress when the space between wheels is large; a smaller but opposite

effect is found for the closer spacing. The two figures (6 and 7) call

attention to the smaller stresses that arc found with smaller individual

wheel loads and a favorable spacing of the wheels, a wheel load of 28,000

lb. in locomotive 10221 producing a stress of 16,000 lb. per sq. in. and one

of 22,000 lb. in locomotive 10254 producing only 8,000 lb. per sq. in. The

stress under the drivers of 10254 is only about 50 per cent of that due to

•Proc, A.R.E.A., Vol. 19, p. 882.
Trans.. Am. Soc. C. E.. Vol. LXXXII, p. 1202.
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an isolated wheel load, while that under the drivers of 10221 is 85 per cent.

As noted in the first progress report, the effect of wheel spacing will

depend somewhat upon the weight of rail and stiffness of track. It is

evident that wheel spacing and distribution of load are among the factors

that need consideration in locomotive design.

The method of calculating stresses referred to has been found to

apply well to all track used in the various tests of the Committee.
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Fig. 12.-Mean Stress in Base of Rail on Straight Track. Locomotive

8675 OF THE C. M. & St. P. Ry.

The reversed process has been found to be a useful way of ascertaining

the wheel loads, or at least of checking reported weights, especially as

scales for weighing individual loads are not common. As was described

in the third progress report* an algebraic equation is written out for the

I'ertical bending stress for each driver (or, instead, the equivalent single

wheel load) ; this equation involves the wheel load for a given wheel and

those of the adjacent wheels all represented as unknown quantities, and

the stress in the rail under the given wheel as a known quantity. There

•Proc. A.R.E.A., Vol. 24, p. 397.

Trans., Am. Soc. C. E., Vol. LXXXVI, p. 1013.
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will then be as many equations and unknown quantities as there are

wheels. The solution of these equations is tedious, but not troublesome.

The values found for the individual wheels may be changed proportionally

to make the sum of the loads agree with the total load of the locomotive,

but the correction so made has generally been within 4 per cent. In Fig.

13 are given the nominal weights and the loads calculated from the stresses

in rail by this method. The agreement between the weights reported and
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Fig. 13. -Reported Nominal Wheel Loads and Calculated Wheel Loads
FOR Six Locomotives of the C. M. & St. P. Ry.

the calculated wheel loads for 5 miles per hour is generally fairly good.

In three of the locomotives a diflference of more than 6,000 lb. in a wheel

load was noted, with several variations at other wheels ranging from

2,000 to 4,000 lb. Generally the calculated load on the truck wheels and

trailers was greater than the reported load.
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In connection with a discussion given later it should be noted that at

the place where the tests on straight track were made there was a siding at

one side of the main track and with this and the accompanying conditions

the support possibly was somewhat different for the two rails. However,
on the whole there was found to be little difference in the action of the

two rails; the summation of the stresses in the two rails for all the

wheels of the six locomotives at a speed of 5 miles per hour differed

only 2 or 3 per cent. Generally, too, the stresses under wheels of the

same axles did not differ greatly, indicating that the axle load was evenly

divided between wheels. In a few cases the stress under one wheel was
10 to 15 per cent greater than the mean of the stresses for the companion
wheel. The two loaded cars gave stresses uniformly higher on the left

rail by about 8 per cent of the mean of the two rails, indicating that

the load was not equally divided between the two rails.

8. Effect of Speed on Stress in Rail.—As in the previous prog-

ress reports, the ratio of the mean stress in base of rail at a given speed to

that found at 5 miles per hour will be taken to represent the effect of

speed. In Table 4 are given general values of the increase in this ratio,

which are the averages for all the wheels of a locomotive or the two

Table 4

General Values of Increase in Mean Stress in Base of Rail at a Given

Speed Over the Mean Stress at 5 Miles per Hour

The inc^aee is the average for all wheels and is given in per cent of the etress at 6 mile*
per hour.

Speed in m. p. h.
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The effect of speed for the freight cars also is small. The values of the

ratios for the locomotives and loaded freight cars are plotted in Fig. 14. It

is apparent that on straight track the effect of speed is greater than indi-

cated by the first power of the speed and that a change in rate of increase

occurs beyond a speed of 30 miles per hour. The values of the mean
stresses in base of rail on straight track are also plotted in Fig. 14.

Comparison of the individual electric locomotives can not well be made

;

^ 'to

10 20 30 40 50
<3peed in Miles per hour

60

Fig. 14.

—

Rate of Increase in Stress in Rail on Straight Track and
Curved Track in Terms of the Stress at 5 Miles per

Hour; also Values of Stress on Straight Track.
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especially in the case of locomotive 10254 are the changes in stresses in rail

so small as to involve questions of the significance of a rate of increase of

stress. It will be noted that the stress in rail under the wheels of this

locomotive increases from 8000 lb. per sq. in. at 5 miles per hour to 9400

lb. per sq. in. at 60 miles per hour, the increase in stress being small and
the stress at 60 miles per hour being much less than that found under

the other locomotives.

The values already given are averages for the two rails. For the

straight track the increase in stress at 60 miles per hour with locomotive

10254 is greater in the right rail than in the left; for the other electric

locomotives it is greater in the left one, a statement that applies also to

the Mikado type locomotive (8675) at 40 miles per hour. The increase

for the rail having the greater change is from one-fifth to two-fifths more
than the average percentage increase for the two rails. It is evident

that the conditions of position and supports for the two rails at the test

section were such as generally to develop greater speed effect in the left

rail than in the other. It is also true that the stresses in the right rail

with locomotive 10254 running at 5 miles per hour are less than those in

the left rail (7500 in the right and 8500 lb. per sq. in. in the left rail),

and the stresses in the two rails at 60 miles per hour are nearly the

same (9300 and 9500 lb. per sq. in.). The records for the several instru-

ments on the same rail vary also one from another, showing that the

effect of speed differs from point to point along the rail.

It was found that although the effect of speed on straight track

differed considerably for different wheels the larger percentages of in-

crease were mostly on wheels having a relatively small load, as, for

example, the wheel of a leading truck, which thus produced a small stress

relatively to that under other wheels, the resulting stress at the higher

speed itself generally not being greater than that of other wheels of its

kind in the locomotive. Generally, too, the wheels developing the highest

stresses at the high speeds do not have a large speed effect; thus the

stress in the left rail under the middle driver of the first unit of locomotive

10302 at a speed of 60 miles per hour (24,000 lb. per sq. in.) is only 14 per

cent srreater than that at 5 miles per hour.

The increase in stress with speed found with the Mikado type loco-

motive was smaller than that observed in previous tests. The speed

effect found on straight track with the loaded cars was smaller than

expected, 14 per cent increase in stress from 5 to 40 miles per hour.

Table 4 also gives for the curved track the average increase in

stresses in rail with change in speed, averages for all the wheels of

the locomotives or cars being used. As in curved track centrifugal force,

superelevation of outer rail, turning forces, and restraint of truck frames

cause stresses to vary in the inner and outer rails under the several

wheels at the different speeds, the values of the ratios given in the

table were based on the average of the mean stresses in the two rails

under all the wheels of the electric locomotives, under the drivers of

the Mikado type locomotive, and under all the wheels of the loaded
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freight cars. This method is not an entirely rational one, but it may
be expected to give a fairly good way of judging of the efifect of speed

on curved track. The general trend of the effect of speed with the

electric locomotives on the 6° curve and the 10° curve may be seen from
Fig. 14; for the 10° curve the ratios for the Mikado type locomotive and

for the cars have also been plotted. It is seen that the effect of speed

on the 6° curve for the electric locomotives, as measured by the increase

in average stress in rail, is not particularly different from that on

straight track. On the 10° curve at 40 miles per hour the speed effect

is more than double that on the straight track and the 6° curve, though

even on the 10° curve the speed effect is relatively small. The tests

with the loaded freight cars made on the 10° curve at 40 miles per hour

show twice as great an increase in stress in rail over that at 5 miles per

hour as was found on straight track and the 6° curve, 14 per cent and

26 per cent.

The data taken with the Mikado type locomotive were utilized to

determine the effect of the counterbalance of this locomotive on stress

in rail. The values of the stresses recorded by the eight instruments

for the several speeds, when plotted for position of counterweight in

the revolution of the driver, were concordant-—more so than has been

usual in those reported in the previous progress reports. The belt of

plotted points for the three speeds (not reproduced here) was narrow

except for the main driver—^generally extending not more than 3000 lb.

per sq. in. on each side of an average line. At 25 miles per hour the

effect of counterbalance was not sufficiently marked to permit curves to

be drawn expressive of this effect. The plots for 40 miles per hour

clearly defined the effect of counterbalance throughout the revolution of

the driver. Table 5 gives the stresses at the high and low points of

the counterweight for 40 miles per hour and the average stresses for

the other speeds, together with the rate of increase of stress over that

at 5 miles per hour due to counterbalance and to speed. It is seen that

at 40 miles per hour the main driver has an underbalance effect, with

an increase in stress in rail due to counterbalance of 16 per cent of the

.stress found at 5 miles per hour and 8 per cent more stress due to

speed change. The plots showed that for this driver the highest stress

in rail occurred after the pin had passed the low point of the revolution.

The greatest effect of counterbalance is found under the fourth driver,

35 per cent, making with the 11 per cent effect of speed a combined speed

and counterbalance effect at 40 miles per hour of 46 per cent, and giving

an average stress at the low point of the counterweight of 20,500 lb. per

sq. in., a greater average stress than was found under the other drivers

of this locomotive. The first driver had the next greatest increase, 30

per cent due to counterbalance and 9 per cent due to speed. The values

reported are the averages of those found in the two rails and for the

eight instruments used. Except perhaps for the fourth driver the counter-

balance effect of this locomotive compares favorably with that of most



Stresses in Railroad Track 1109

of the Mikado type locomotives heretofore used, and the speed eflfect is

markedl}' low for this type of locomotive.

9. Lateral Bending Stresses and Lateral Movement of Rail on

Straight Track.—As noted in the previous progress reports, the rail

of straight track bends laterally, sometimes outwardly and sometimes

inwardly, as the wheels pass over it. The differences in the stresses

in the two edges of the base of rail may be taken to measure the intensity

of the lateral flexure, though not of the amount of the lateral movement

or even of its direction. The ratio of the stress at the outside edge of

Table 5

Mean Stress in Base of Rail on Straight Track with Mikado Type

Locomotive of the Chicago, Milwaukee & St. Paul Railway

Stresses are given in pounds per square inch at base of rail.
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Tables 6 and 7 give for straight track for the different speeds ratios

of stress at outside edge of base of rail to mean stress for the several

locomotives and for the loaded freight cars. The values are the averages

for each rail for all the runs; they thus represent the average results

for the four points on each rail at which the instruments were placed.

A study of these tables shows that the average ratios are both greater

and less than 1.00, that those less than 1.00 rarely go below .90, and

that although most of the averages for the several speeds are less than

1.10 yet a number are greater than 1.20 and one wheel at one speed

averages above 1.30. It is seen that the average for the left rail is less

than that for the right, but the difference in general is not great. Most

locomotives have fairly even values for most of the wheels, as note

locomotive 10254 and 10308. Locomotive 10302 has two drivers on the

left side and three drivers and a trailer on the other giving values above

1.10. With the Mikado type locomotive, three drivers and two tender

wheels range above 1.10. Three wheels out of the eight on the loaded

cars show the higher ratios. An examination has been made of the

contours of the tires of the locomotives, but no definite correlation was

found between the condition of the tires and observed stress ratios.

As a relatively few applications of the lateral pressures that give the

extreme values (high or low) may be expected to affect track mainte-

nance more seriously than many applications near the average value of

the ratio, it will be well to consider the range and distribntion of indi-

vidual values. Fig. 15 shows individual observations for the Mikado

type locomotive, the values for the several instruments being distinguished

by symbols and each instrument being assigned a part of the space given

for a wheel and in the order of the instruments along the track. It is

seen that for the Mikado type locomotive the range is from less than

.60 to more than 1.40. It is also seen that although the average ratio

on the two rails for all the drivers and the trailer is 1.07, there are a

large number of individual values between 1.20 and 1.50, and relatively

few under .80. It is apparent that many relatively large outward pushes

on the rail were given in the passage of the drivers over this track and

that the effect of the outward bending of the rail upon upkeep would

be larger than the indication given by the average of all the ratios. It

is noticeable that at a particular instrument one wheel would give a

relatively high average value and another wheel a lower one, and at

another instrument the reverse was true. In general the range of values

recorded by an instrument was considerable, the amount of the range

^jeing much the same for all the instruments, but in a few cases at a

single wheel the values were quite compactly grouped.

Space will not permit reproducing all the diagrams of the same kind

for the other locomotives. They varied greatly. In a few cases the

ratios were found to be quite uniform at the various instruments and

for the several wheels ; thus, in Fig. 16 the values of the ratios on the

right rail with locomotive 10221 at 5 miles per hour keep within a range

of 0.08 of the average ratio and are very compactly grouped. More
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generally, however, the values of the ratios are widely distributed and

may vary for different wheels ; thus, locomotive 10302 at 40 miles per

hour (see Fig. 17) gives ratios of stresses in the right rail that vary

from .40 to l.SS, this range occurring under adjoining wheels. It is

evident that the variations in values (high and low) at the several instru-

ments on one rail differed considerably from those at the several

instruments on the other rail. The average value for the two rails also

differed. In some cases, as for one instrument near a rail joint, the

[5 /.60
(^0(^ooQ@Q

Fig. 17.

—

Ratio of Stress at Outside Edge to Mean Stress in Base of

Rail on Straight Track. Locomotive 10302 of the C. M. & St. P. Ry.

values were in the high part of the range (or the low part) for all the

locomotives, this being the first instance in the test work where the

ratios for a given instrument near a joint gave ratios that were con-

sistently higher or lower than those at the other side of the joint.

Generally, however, a given wheel develops at a given instrument little

variation in ratios, the range from an average usually being not more

than 5 per cent. Some wheels differ markedly from most of the others
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of the locomotives; thus the third right driver of locomotive 10254 for

all speeds generally gave ratios at the four instruments between 1.10

and 1.60, the average being 1.21, while for the remaining wheels of the

right side the average ratio was slightly above 1.00 and the individual

observations are fairly uniformly distributed through the usual range

—

on the left rail the range in ratios is still greater and for certain wheels

there are marked differences in the values at different instruments. It

must be borne in mind that the stresses developed by locomotive 10254

are small as compared with the other locomotives and that given varia-

tions in stress will show a higher range in the ratios.

For the loaded freight cars (fewer observations available than for

the locomotives) the values of the ratio of stress at outside edge to

mean stress in base of rail in general have a much smaller range and

are more compactly grouped and vary less from instrument to instru-

ment along the track. At 5 miles per hour only one wheel of the first

car gave an average value of the ratio of more than 1.20 and at 40 miles

per hour the higher values are relatively few in number. In the second

car only one wheel gave a ratio greater than 1.10. Strangely at 5 miles

per hour most of the high individual ratios were recorded under one

wheel by one instrument and at 40 miles per hour under another wheel

by another instrument. The lateral pressure on the rail given by these

cars may be said to be not excessive.

r /
As the section modulus of the rail —

c

about one-fifth of that about a horizontal axis, it is apparent that the

bending moment corresponding to a given lateral bending stress is only

one-fifth of the vertical bending moment which would give an equal

vertical bending stress. The value of the observed lateral bending stress

may be found by multiplying a mean stress in base of rail by a factor

obtained by subtracting 1.00 from the ratio of stress at outside edge to

mean stress corresponding to the given observation. Thus, for the right

first driver of locomotive 10302 by using the ratio 1.33 given in Table 7

and the corresponding mean stress in base of rail given in Table 3, 13,500

lb. per sq. in., the lateral bending stress is seen to be 4500 lb. per sq. in.

An individual observation giving a ratio of 1.38 with a mean stress of

22,000 lb. per sq. in. corresponds to a lateral bending stress of 8400

lb. per sq. in.

It is evident from a study of the tests that the lateral bending of

the rail is caused both by the condition of the rail and the rail support

(tie and underlying ballast) and by the action of the locomotive and

cars. At two of the eight instruments, there was marked outward bend-

ing of the rail for all the locomotives, as measured by the average

stresses for all wheels, and at one marked inward bending. At all the

other points of attachment of instruments the several locomotives gave

different effects. That is to say, at three of the eight points the support

of the rail was such as to favor the lateral bending of the rail one way
or the other. At the other five points the locomotive and cars were

evidently the governing cause of the lateral bending. It is apparent, of

about a vertical axis is only
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course, that the variability in the lateral bending shown by the consider-

able range in bending stresses and ratios is due to variations in the

action of the locomotive in passing over the track on different runs.

Two trial runs at slow speed with locomotive 10302 gave maximum
outward lateral movements of the head of one rail of .03 and .05 in.

when the wheels were passing over the point of observation. It is seen

that the lateral movement is slight in this case and that nothing of value

was learned from the few measurements made.

To learn something of the position of the flanges and treads of the

wheels with respect to the head of the rail a few tests on straight track

were made near the end of the work by taking impressions on copper

wire as the locomotive passed over the test section. As the method of

using a punch mark on the head of the rail had not then been developed,

the position of the wheel bearing on the rail is uncertain except for the

wheels having flange contact with the side of the head. It was found
for locomotive 8675 that certain wheels ran close to the gage side of

the rail at all the speeds. Some wheels showed a broad contact with

the rail, others a more concentrated contact. The flange of the first

driver on the right side and usually also that of the fourth, ran close to

the rail. The flange of the trailer and first wheel of the tender on the

left side also ran close to the rail. In the runs at 40 miles per hour
with locomotive 10308, the flanges of the drivers on the right side of

the second unit ran close to the rail. Under the other wheels the flanges

were away from the rail and the pressures were concentrated near the

center of the head of the rail or somewhat inside of it. At 40 miles per

hour, the flange of the first wheel on the left side ran close to the rail

on one run and that on the other side on the other run. The flanges of

other wheels also ran close to the rail. These observations are described

at this length to bring out the variability of the positions and directions of

pressures of wheels on rail and thus to point to some of the variable

conditions that result in great variations in the amount and character

of both vertical and lateral bending stresses in the rail.

10. The Action of Curved Track.—In the third progress report

under the heading, "The Action of Curved Track," the way in which

the passage of a locomotive and cars around curved track may be ex-

pected to affect the track through transfer of load from rail to rail

and wheel to wheel and the way in which lateral pressures on the rail

may be produced were discussed. Centrifugal force, transverse inclina-

tion of track, flange and tread lateral pressures, spreading of rails, and

other matters were considered. In particular it was brought out that the

lateral force of the flange of the leading truck wheel or first driver or

both against the outer rail necessary to change the direction of all the

drivers grouped in a single frame in traversing a curve brought into

action a lateral pressure against the inner rail by the wheels at or near

the center of rotation about which the turning of the locomotive takes

place and likewise an outward pressure on the outer rail by the rear

outside driver. It was further shown that the vertical load transferred

to the rail by the inside driver nearest the center of rotation might be
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much greater than its normal vertical load. The lateral forces thus sol

up and the increase in the load on one or more of the drivers which

may be developed greatly increase the lateral and vertical moments
developed in the rail and so have important effects on. track maintenance

as well as on the rail itself. For details of the discussion reference is

made to the third progress report, hut a resume of some of the state-

ments and conclusions follows

:

1. The longitudinal slip along a rail of the inside or outside wheel

of a pair on the same axle made necessary by the difference in length

of the two rails of curved track is considered to affect the lateral forces

acting on the rails only as it may modify the coefficient of friction and

thus also the magnitude of the force required to produce lateral slipping

of wheel on rail. The effect of the coning of the wheels is considered

to be negligible as an element in the problem.

2. The centrifugal force and the transverse inclination of the track

necessarily affect the vertical and lateral pressures on the rails to an
appreciable extent. The following approximate formulas were given for

the pressure on the outer and the inner rail, respectively, to be expected

from analytical considerations to correspond to the weight IV applied

to the rail through one wheel for straight and level track, when the

speed is such that the centrifugal force is negligible:

R' =W { 1— 2
I (29)

9 9\ 9 9/

R"=W \l + 2——\
V 9 9/

(30)

9 9

In these equations, g is the distance between the bearing points of the

wheels on the two rails (taken in calculations as 59 in. for the curved

track used in the tests), e is the superelevation of the outer rail, and h is

the distance of the center of gravity of the locomotive or car from the

level of the top of the rails. The equations were based on the assumption

that the bodies of the locomotive and cars retain the same positions with

respect to the axles of the wheels as are found on straight track. The

tilting due to changed compression of the springs may modify the pres-

sures somewhat.

Taking the load on a rail as equal to the algebraic sum of that due

to equation (29) or (30) and that due to the centrifugal force, approxi-

mate formulas for the reactions of the outer and inner rails, respectively,

were given asKe h \ 2V'-D / h 1 e\-\
1-2 ) + I - +

)
g g / 85800 \ g 2 g /JKe h \ 2V-D / h 1 e \•^

1 + 2 ) (
)

g g / 85800 \ g 2 g /J
where V is the speed in miles per hour and D is the degree of curve.

Likewise the sum of the resulting lateral reaction or pressure against

(31)

(32)
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the outer rail of the curved track, Fi, and that against the inner rail F2

is obtained approximately by the equation

2WV'D e

F, + F2 = ^ 21V— (33)
85800 g

the division of the lateral force between Fi and Fa being indeterminate.

3. In changing the direction of a group of drivers, as the locomotive

traverses a curve, the outer rail presses against the flange of the outer

front driver, or the outer wheels of the front truck, or both, according

to conditions of speed, length of wheel base, flexibility of frame and
connections with other trucks, and other matters. This outer front driver

and the inner driver on the same axle must be made to slip laterally on

the rails inwardly of the curve. At some driver farther back, generally

at a driver on the inner rail, there will be a center of rotation of the

group of wheels connected to a single frame, about which the turning

action of the frame takes place. The drivers ahead of the center of

rotation, except the leading outer driver when it participates in the turning

or directing action, will give pressures inwardly of the curve on both

inner and outer rails. The drivers behind the center of rotation will

Fig. 18.

—

Direction of Pressure of the Wheels of a Mikado Type
Locomotive on the Rails of Curved Track.

swing outwardly of the curve and slip outwardly, and thus pressure in

this direction will be developed against both outer and inner rail. In

Fig. 18 the direction of the pressures of the wheels of a Mikado type

locomotive against the rails is indicated. B is the center of rotation.

The turning forces are at D and frequently at A also, flanges of the

guiding wheels pressing against the head of the outer rail. It is evident

that the lateral pressure of the wheel on the inner rail at the center of

rotation B may constitute the principal force in opposition to the several

lateral forces that are acting in the opposite direction. The pressure

developed by the other drivers will be smaller in magnitude and will

vary in direction according to conditions. The trailer may give pressures

outwardly of the curve or inwardly according to the restraint, the

coupling connection, and the degree of the curve. The deflections and

lateral movement of the two rails as the locomotive moves around the

curve themselves take a part in fixing the positions of the drivers and

thus afltect the development of the lateral reactions. It is seen that
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the lateral forces tending to bend or to straighten the two rails, and

thus to affect the whole track structure and its maintenance, are depend-

ent on numerous factors.

In the four-wheel truck of a car, the turning is generally done by

the flange of the outer forward wheel, and the rear wheels of the truck

may be expected to approach a position radial to the curve.

11. Results of Tests on Curved Track.—Space will permit the

presentation of only a part of the data, but representative parts have

been selected and general average values are given in the tables and

diagrams.

Fig. 19 to 30 give the stresses at the inside edge and the outside edge

of the base of the outer and the inner rail under the wheels of six

locomotives and two loaded freight cars at several speeds on the 6° curve

and the 10° curve. The values given are the averages of the records

of the four instruments on a rail for the runs made representing generally

about 60 observations for each value plotted. The variations of individual

values from the average value reported were much the same as on

straight track, but the differences between averages for the four instru-

ments on a rail were greater than those for straight track, indicating

that variations in the curvature of the rail and the conditions of its

support affect the stresses developed to a greater degree than is the

case with straight track.

In making comparisons between tests reference may be made to the

properties of the 90-lb. rail section given in "4. The Track," and the

weights of the locomotives and cars given in Fig. 1 and 2.

12. Vertical Loads and Vertical Bending Stresses on Curved
Track.—The mean stress in the base of rail (the average of the

stresses observed at the two edges and generally called the vertical bend-

ing stress) is taken as representative of the bending of the rail in a

vertical plane, or, more strictly, of the bending in a direction normal

to the inclination of the track, the two effects being practically identical

for the superelevation of track used in the tests, since the cosine of the

angle of inclination is very close to unity. Although stresses in rail

are not exactly proportional to the loads when the same total load is

differently distributed among the several wheels or differently divided

between the two rails, yet when the differences are not great the sum
of the stresses in the rail under all the wheels will generally differ Uttle

on account of different divisions or distribution of load, and summations

of the stresses for each rail may be useful in making comparisons and

in checking up on the action of the locomotive and track. As has already

been stated in "7. Results of Tests on Straight Track," by means of

the analytical method given in the first progress report and the solution

of unknowns in equations based thereon the load which will produce

the given mean stress may be estimated quite approximately. It will be
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seen then that the values of the mean stresses in base of rail (vertical

bending stresses) not only will permit comparisons with the stresses in

straight track to be made, but will enable the vertical load to be dis-

tinguished from the lateral forces or loads that are also developed in

passing around the curve. A close estimate may then be made of the

distribution of vertical load among the wheels and between the two

rails as it is found on the various curves. A discussion will first be

given based on the average stresses in the two rails and then one based

on the loads at the individual wheels and the stresses in the rails.

As in the tests reported in the third progress report, the sum of the

vertical bending stresses in the outer and inner rails under all the wheels

of a locomotive for a given speed was found not to differ greatly from

the sum of the corresponding stresses on straight track, being slightly

larger for the curved track at the higher speeds. The total of the vertical

load effects does not differ greatly in the two kinds of track.

The method used in the third progress report to compare the division

of loads between the inner and the outer rail at the various speeds as

indicated by the stresses with that given by equations (31) and (32) of

"10. The Action of Curved Track," was applied to the tests. For this

purpose the sum of the vertical bending stresses in base of the inner

rail under all the wheels of a locomotive was found and also the cor-

responding sum in the outer rail. As has already been stated, ratios of

these sums to their mean may be expected to be fairly close to the ratios

of the loads transmitted to the two rails in comparison with what would

occur on straight track. In Table 8 are given the values so found and

those determined from the loads calculated by the method already out-

lined, and also the ratios calculated by equations (31) and (32). On
the whole, the agreement between the two sets of ratios is very close.

At the low speed the values derived for the stresses are nearer unity

than the analytical values. Such matters as difference in the tilting of

the rail for different speeds and differences in deflections of the springs

and action of the equalizing system on the two sides of the locomotive

are elements not considered in the derivation of the equations (31) and

(32). It will be noted that the weights on the outer rail at the highest

speeds used on the two curves are about 25 per cent greater than that

normally coming on one rail on straight track. Although these speeds,

50 miles per hour on the 6° curve and 40 miles per hour on the 10° curve,

were one and two-thirds times the speed corresponding to the super-

elevation of the track, the locomotives ran the curves smoothly except

where the alignment was not good. The effect of the low and the high

speeds on the track structure is best judged from the lateral bending

stresses in the rail, which will be discussed in the next article. It will

be noted that there is little difference in the ratios obtained direct from
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Table 8

Ratio of Load on Inner and Outer Rail to Mean Load—Chicago, Milwaukee

& St. Paul Railway
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ence the 6° curve is shown as curving to the right instead of to the left.

Comparison may be made with the stresses under the same wheels in

the tests on straight track, as given in Fig. 6 to 12 and in Tables 2, 3,

and 5. In making a study of the vertical bending stresses it should be

kept in mind that changes in the values of the vertical bending stresses

at any wheel must be due principally to changes in the amount of load

on the wheel either by itself or in combination with adjoining wheels.

The method already described was used for estimating the wheel

loads necessary to produce the vertical bending stresses observed on
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Fig. 31.

—

Vertical and Lateral Bending Stresses in Base o? Rails of

Curved Track. Locomotive 8675 of the C. M. & St. P. Ry.

curved track. For the sake of uniformity the results of the calculations

for 5 miles per hour were changed proportionately to make the sum of

the wheel loads equal the total weight of the locomotive. The factor

used ordinarily dififered from unity by 5 per cent or less. For the other

speeds the same factor was applied, so the resulting load may be said

to represent equivalent loads which would produce the stresses if applied

statically or at a low speed as were found with the locomotive at the

given higher speeds.
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Fig. 32.—Vertical and Lateral Bending Stresses in Base of Rails

OF Curved Track. Locomotive 10221 of the C. M. & St. P. Ry.
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Fig. 33.-VERTICAL AND LATERAL BeNDING STRESSES IN BaSE OF RAILS

OF Curved Track. Locomotive 10254 of the C M. & St. P. Ry-
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Fig. 34.—Vertical and Lateral Bending Stresses in Base of Rails

OF Curved Track. Locomotive 10302 of the C. M. & St. P. Ry.
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Fig. 35.-VERTICAL AND LATERAL BENDING ^TRESSES IN BaSE OF RAILS

OF Curved Track. Locomotive 10308 of the C. M. & St. P. Ry.
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Fig. 36.—Vertical anj) Lateral Bending Stresses in Base of Rails of
Curved Track. Locomotive 10301 of the C. W. & St. P. Ry.
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Fig 37.-VERTICAL AND LATERAL BeNDING STRESSES IN BaSE OF RaILS OF

Curved Track. Loaded Freight Cars of the C. M. & St. i'. Ky.
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In Tables 9, 10 and 11 are given the calculated vertical wheel loads

on straight track and on the outer and inner rails of the curves for all

the locomotives with the exception of locomotive 10301 and for the cars

at several speeds, as found by the method just described. It will be noted

that the distribution of load on straight track frequentlj' differs from

the nominal loads. It is also seen that in many cases there are transfers

of load from wheel to wheel, sometimes quite marked though not as

strongly so as in the tests of the locomotives reported in the third

progress report.

The vertical bending stresses will now be considered for each loco-

motive and some discussion made of the results.

The results found with locomotive 8675 will enable some comparison

to be made of this Mikado type locomotive with others of that type and

the other heavy steam locomotives used in the tests reported in the third

progress report and will better enable comparisons of the electric loco-

motives to be made. Tests with this locomotive were made on straight

track and on the 10° curve. The speed on the curve was limited to 35

miles per hour. It will be recalled that the tests with the Mikado, Moun-

tain, and Santa Fe types of locomotive given in the third progress report

all showed an excessive increase of load on one inner driver at a speed

of 5 miles per hour and even at speeds up to two-thirds of that corre-

sponding to the superelevation. It is interesting to find that locomotive

8675 does not show such a marked increase of load transmitted by a

single driver. The vertical bending stress in the inner rail of the 10°

curve under the main driver at 5 miles per hour (see Fig. 31) was 15,200

lb. per sq. in., as compared with 12,400 lb. per sq. in. on straight track;

the rear inner driver developed 16,100 lb. per sq. in. as compared with

14,100 lb. per sq. in. on straight track. As calculated from the stresses

developed at 5 miles per hour, the weight on the main driver on straight

track was 31,800 lb. (considerably higher than those on the first two

drivers), and that on the inner rail of the 10° curve was 39,400 lb. It

will be recalled that on the 7j4° curve of the D., L. & W. R. R. with

105-lb. rail, a vertical bending stress of 18,900 lb. per sq. in. was developed

under the third driver of the Mikado type locomotive as compared with

11,100 lb. per sq. in. on straight track. On the 90-lb. rail of the A., T.

& S. F. Ry., a vertical bending stress of 26,700 lb. per sq. in. occurred

under the third inner driver of the Mountain type locomotive at 5 miles

per hour on the 10° curve and one of 19,700 lb. per sq. in. on the 6°

curve, as compared with 13,300 lb. per sq. in. on straight track. Similarly,

with the Santa Fe type locomotive a vertical bending stress of 29,200 lb.

per sq. in. occurred at the fourth inner driver, as compared with a stress

of 12,200 lb. per sq. in. on straight track. Why a large increase of load

should not be found under one of the drivers of locomotive 8675 on the

inner rail at the lower speeds is not known. It will be shown in the

next article that the lateral bending stresses in the inner rail for a speed

of 5 miles per hour are smaller under all four drivers of this locomotive
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Table 9

Calculated Wheel Loads that Would Produce Statically the Measured Vertical

Bending Stresses for Locomotives of the Chicago, Milwaukee & St. Paul

Railway.

Speed in

m. p. h.

Straight
Track

Nominal
Loads .

.

5

26
40

8* Curve
8 Inner..

Outer.,
80 Inner..

Outer.
40 Inner..

Outer.

10* Curve
6 Inner.

.

Outer.
26 Inner.

.

Outer.
40 Inner..

Outer.

,

Straight
Track

Nominal
Loads .

.

6

25
40
«0

6" Curve
6 Inner .

.

Outer..
30 Inner..

Outer..
50 Inner .

.

Outer..

10" Curve
6 Inner.

.

Outer.,
26 Inner .

.

Outer.
40 Inner.

.

Outer.

Rear End
Truck Driver

Head End
Truck

Locomotive 10221

15600
16300
17100
17700

17200
16000
19200
19100
22400
22000

17300
16500
16700
18100
15700
23100

15400
17800
18600
19500

18200
17300
19300
20100
22400
22700

18700
18400
17800
20700
17300
25600

28300
28500
28900
30100

31900
26200
29500
30100
31000
33900

83200
22700
28600
28000
25500
34000

27200
26600
27700
28400

31200
21700
27600
28500
27400
30800

28600
23100
25700
27400
20500
35600

29800
26800
27100
28800

29900
24900
23700
30100
25300
35000

27000
27200
21800
32900
18100
40300

'27600

27000
27400
28700

28500
24800
24400
29900
23900
32200

29800
23200
27800
26700
22500
36000

25100
26300
26600
27400

31200
22700
26900
27300
26300
33300

30500
24100
25200
30300
19500
38400

27300
26500
27000
28000

30700
23300
25800
28400
24900
31200

29100
23000
26300
27200
22500
37800

28700
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Table 10

Calculated Wheel Loads that Would Produce Statically the Measured Vertical
Bending Stresses for Locomotives of the Chicago, Milwaukee & St. Paul
Railway.

Speed in m. p. h.

Rear End
Truck

Driver Trailer Driver Head End
Truck

Straight Track
Nominal Loads.

5

25
40
60

6° Curve
5 Inner.

,

Outer.
30 Inner.

.

Outer.
50 Inner.

.

Outer

10° Curve
5 Inner.

.

Outer.
25 Inner.

.

Outer.
40 Inner.

.

Outer.

Straight Track
Nominal Loads.

5
40
60

6" Curve
5 Inner
Outer

30 Inner
Outer

50 Inner
Outer

10° Curve
5 Inner
Outer

26 Inner
Outer

40 Inner
Outer

Locomotive 10302

17000
20000
20300
21700
26600

2^300
20100
20300
22900
18500
27400

22400
20100
20200
24700
18400
33300

17000
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Table 11

Calculated Wheel Loads that Would Produce Statically the Measured

Vertical Bending Stresses for Locomotive 8675 and Loaded Freight

Cars of the Chicago, Milwaukee & St. Paul Railway.

Speed in m. p. h.
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of the trailers gives a higher vertical bending stress than is to be found

under any driver, the greatest vertical bending stress being 24,300 lb.

per sq. in. at a speed of 35 miles per hour.

A characteristic of the vertical bending stresses in locomotive 10221

(see Fig. 32) is the uniformity of vertical bending stress in either the

outer or the inner rail at any speed under all the drivers of the locomotive,

the values at a given speed generally not varjdng more than 2,000 lb.

per sq. in. from the average for all the drivers. This is true for both

6° curve and 10° curve. There is then little shifting of load from

axle to axle or even from wheel to wheel other than that due to the

combined effect of inclination of track and centrifugal force. The spac-

ing of the drivers (10 ft. 6 in. and 11 ft.) is such as not to give much

reduction in stress under a driver by reason of the proximity of adjoining

drivers, the vertical bending stress thus being relatively high considering

the loads carried by the drivers.

The vertical bending stresses developed with locomotive 10254 (see

Fig. 33) were generally much smaller than those found with the other

locomotives. The stresses on straight track were especially low. A very

even distribution of load among the drivers, as indicated by the vertical

bending stresses in rail, is generally characteristic. The exception to

the uniformity is found in the outer rail under driver No. 7 (the leading

driver of the second half of the locomotive) for the highest speeds on

both the 6° and 10° curves, where the stress is considerably greater than

under the other drivers on either rail, 15,500 lb. per sq. in. on the 6°

curve, 20,700 lb. per sq. in. on the 10° curve. It will be shown that the

lateral bending stress in the outer rail under this driver (11,700 lb. per

sq. in. on the 10° curve ^t 40 miles per hour) is much greater than

that under the other drivers, and that the flange of this driver is the prin-

cipal factor in the turning action of the second unit of drivers in traversing

the curve. It seems possible that the springs and equalizing system are

in some way affected in their action by this strong lateral pressure.

Locomotive 10302 shows greater diversity in the vertical bending stress

under the several drivers, both on straight track and on the 6° and 10°

curves, than do the two electric locomotives just considered. On straight

track driver No. 2 on both rails carries a considerably greater load

than the adjacent drivers, 30 per cent more as calculated frpm the stresses.

The vertical bending stress in the inner rail under this driver for a speed

of 5 miles per hour is 27,400 lb. per sq. in. on the 6° curve and 29,800 lb.

per sq. in. on the 10° curve (the latter being indicative of a wheel load

of 49,400 lb.), both vertical bending stresses being relatively very great,

and that in the outer rail on the 6° curve under the corresponding driver

for a speed" of 50 miles per hour is 24,000 lb. per sq. in., while on the 10°

curve the highest vertical bending stress in the outer rail at 40 miles per

hour (26,500 lb. per sq. in.) is shifted to driver No. 3. The middle

drivers of the second half of the locomotive do not develop as great

stresses as do the corresponding drivers of the first half.
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For locomotive 10308 the loads are more nearly equally divided among

the drivers, as shown by the vertical bending stresses on straight track,

than is the case with locomotive 10302. At 5 miles per hour the high

vertical bending stresses are in the inner rail under the middle driver of

each unit o£ drivers (No. 2 and 5) for the 10° curve, the greatest being

20,500 lb. per sq. in., and under No. 1 and 5 for the 6° curve, 24,000 lb.

per sq. in. At 50 miles per hour on the 6° curve the highest stresses are

in the outer rail, 27,200, 25,000, and 24,200 lb. per sq. in., and at 40 miles

per hour on the 10° curve 22,000 and 23,500 lb. per sq. in., the highest

stress being under the rear driver of a group. It is seen that the increase

of wheel load on curved track, as indicated by the vertical bending stresses,

except for driver No. 2, does not differ greatly from that given by the

locomotive in the original form.

For locomotive 10301 the vertical bending stresses under the drivers

on straight track indicate a good division of the load among the drivers.

The greatest vertical bending stresses on curved track occur under differ-

ent wheels ; on the inner rail of the 10° curve under drivers No. 1 and 5

at S miles per hour the stresses are 20,000 and 20,600 lb. per sq. in., and on

the outer rail under drivers No. 3 and 6 at 40 miles per hour, 24,000 and

21,600 lb. per sq. in. ; on the inner rail of the 6° curve under drivers No. 1

and 4 at 5 miles per hour, 24,500 and 24,600 lb. per sq. in., and on the

outer rail under drivers No. 3 and 5 at 50 miles per hour, 25,100 and 22,900

lb. per sq. in. Except for the one last named, the high vertical bending

stresses are accompanied by the greatest of the lateral bending stresses in

the rail found at the given speed. It is seen that the increase of wheel load

in curved track, as indicated by the vertical bending stresses, is somewhat

less than for the locomotive in the original form.

For the loaded freight cars on straight track it was found, as would

be expected, that the vertical bending stresses under wheels that are close

to wheels of the tender or to those of another car are smaller than

those under wheels that do not have another wheel within a few feet

of it on both sides. The same influence of adjoining wheels is found

on the two curves regardless of speed (Fig. 37). The vertical bending

stresses on the curves are all moderate, the greatest being 16,300 lb. per

sq. in. on the 10° curve at 35 miles per hour. It is evident from what

has been said that with the four-wheel truck there is little shifting of

load from axle to axle on the curve, or even from wheel to wheel

except what is due to centrifugal force and inclination of track.

13. Lateral Bending Stresses in Rail on Curved Track and

Position of Flanges.—On straight track irregularities in the direc-

tion of the movement of wheels and sidewise oscillations produce lateral

bending of the rail, as has already been discussed. When a locomotive or

a car traverses curved track, as may be expected from analytical considera-

tions, additional forces are applied to the rail in a lateral direction, which

set up still greater lateral bending of the rail. The flange of a truck

wheel or a leading driver presses against the outer rail, developing a
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force which changes the direction of movement of the group of wheels

connected to the same frame, in the manner already described under "10.

The Action of Curved Track." The lateral pressures on the rail given by

other wheels of the unit are most generally transmitted to the rail as

either pull or push by the friction of the tread on the rail, and may be

directed inwardly or outwardly of the curve according to the position

in the unit and the relation of the speed to superelevation and centri-

fugal force and also according to the number of wheels in the unit and

even to the degree of stiflfness and flexibility of the connection between

units.

It may be helpful in studying the lateral bending stresses to show
the position of the wheels with respect to the rail that was observed on a

curve after the locomotive had come to rest without brakes being applied.

In. Fig. 38 and 39 are given the position of the wheels of six locomotives

relatively to the rail ; the dimensions are given in inches and represent

the distance from the gage side of the rail to the flange of the wheel. The
measurements were made at points a little above the mid-height of the

head of the rail. The radial line on the diagrams is drawn at the point

where the line taken by the wheel base appears to be perpendicular to

the radius of the curves. The point where this radial line crosses the inner

rail may be taken to be the probable center of rotation of the locomotive

frame. Here again the 6° curve is shown as curving to the right instead

of to the left.

The wheels of locomotive 8675 (Mikado type) on the 10° curve (see

Fig. 38) took positions that are relatively the same as the positions found

with the Mikado type locomotive on the 6° and the 7j4° curves of the

D., L. & W. R. R. and the Santa Fe type locomotive on the 6° and the

10° curves of the A., T. & S. F. Ry. reported in the third progress

report. The flange of the outer front truck wheel bore against the outer

rail, and that of the first outer driver was 0.9 in. away, and yet outward

lateral bending of the outer rail was found under this driver at 5 miles

per hour. The center of rotation appeared to be under the third inner

driver. The flanges of the second, third, and fourth inner drivers were

close to the inner rail and the flanges of the corresponding outer drivers

were well away from the outer rail and at about the same distance from
it. Measurements made on the position of the journals in the boxes

showed that the journal of the first outer driver still had all its outward

play available so that it was not helping in changing the direction of the

locomotive. The journal of the rear outer driver was at the limiting

position in its bearing and hence was in position to put outward thrust

on the outer rail as the frame was swung outwardly about the center

of rotation. Measurements made to find the change in alignment of the

rails as the locomotive passed at 2 miles per hour showed movements of

the head of the rail in keeping with the positions of the flanges. The
impressions on copper wire laid across the rail and pulled laterally

between the passage of wheels showed that the flange of the first outer
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truck wheel and first driver bore strongly against the outer rail at the

speed of 35 miles per hour. This condition is also borne out by the

high lateral bending stresses found under the two wheels at this speed.

The impression on the copper wire also showed that the first outer wheel

of each truck of the tender bore strongly against the outer rail at the

speed of 35 miles per hour.

00^1^^^

I D/'stance bei'n/£'^/7 f/a/?g'(? ana' ra// in Jnc/>gs.

Q Jai/rna/ p/a^ /n /r7c/jffs.

Fig. 38.

—

Relative Position of Flanges of Wheels of Locomotives with

Respect to the Rails of Curved Track on the C. M. & St. P. Ry.

The position of the flanges of locomotive 10221 on the 10° curve indi-

cates that the outer truck wheels of the first half of the locomotive at

the lower speeds exercise the turning action for the frame containing

the first four wheels. The first outer drivers of the next three groups

of wheels lie close to the outer rail, seemingly close to the position that
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would permit turning forces to be developed. The impressions of the

copper wires, however, show at 25 miles per hour flange contact with the

outer rail by the flanges of only the first outer wheel of the front truck

and the first outer wheel of the rear truck. No explanation is known for

this condition. All the runs on which impressions were taken, nine in

number, agree in this particular. It would seem probable that the sev-

eral groups of wheels have so adjusted themselves on the curve that, with

the stiffness of the connection, the flange pressure of the leading truck

wheels is the principal agency in changing the direction of the locomotive

in traversing the curve.

n 11 "' all
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Locomof/Ve I03a/ on /0° Curi/g

I Distance befiveen flange an<y ra// in /nc^es.

Journa/ p/ay /n /nchgs.

Fig. 39.

—

Relative Position oe Flanges of Wheels oe Locomotives with
Respect to the Rails of Curved Track on the C. M. & St. P. Ry.

The flanges of the first three outer wheels of locomotive 10254, when
the locomotive was allowed to come to rest (see Fig. 38), were found to

be against the outer rail on both 6° and 10° curves. In the second group

the flange of the leading outer driver was about 0.4 in. away from the

rail, and the others of this group lay away from the rail. A consideration

of the lateral bending stresses described later indicates that at the low
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speed the flanges of the leading group of wheels act to change the direc-

tion of the wheels of the first half of the locomotive. The flange of the

first outer driver of the third group of wheels (the leading driver of the .

second half of the locomotive) is against the outer rail, and the lateral

bending stress and the position of the flanges of the fourth group of

wheels and the corresponding lateral bending stresses indicate that the

flange of the first outer driver of the third group acts at low speeds

to change the direction of the second half of the locomotive. At the

high speeds the leading outer wheel of the second group participates in

the turning action, as indicated by the lateral bending stresses.

In the three forms of the Westinghouse-Baldwin locomotive, the posi-

tion of the flanges of the wheels with respect to the rail, when the loco-

motive was allowed to come to rest, did not differ materially. The flange

of the first outer truck wheel was against the outer rail of the 10° curve

and that of the second outer truck wheel was close to it. The flanges of

all the outer drivers were away from the outer rail an inch or more, the

first driver of each group being closer than the last. The wheel follow-

ing the front group of drivers is also away from the outer rail, except

for 10301. The wheel in front of the rear group of drivers (and the two

wheels of 10301) is always against the outer rail, and evidently is the

principal agent in changing direction of the second half of the locomotive.

The flange of the first outer wheel of the rear truck is always against the

outer rail, and that of the second is close to it. The flanges of the inner

drivers are usually close to the inner rail, though not against it. The
impressions made with the copper wire on the outer rail at the speed

of 25 miles per hour on the 10° curve indicated that the same flanges, and

no others, were against the outer rail as when the locomotive came to rest.

At 40 miles an hour the flange of the first outer driver of each group bore

against the outer rail. On the inner rail the impressions taken at 5 miles per

hour indicate that the flanges of the second and third inner drivers of each

group were usually close to the rail. On the 6° curve the impressions

taken with locomotive 10308 indicate that at speeds of 30 and 50 miles

per hour the flange of the first outer driver of each group of drivers bore

against the outer rail ; this was the only locomotive of this type for which

impressions were taken on the 6° curve. In view of all the observations,

it is evident that the wheels of the three forms of the Westinghouse-

Baldwin locomotive took much the same position on the curves and that

the modifications of the original form can not have done more than modify

the intensity of pressures. Such changes may be indicated by the lateral

bending stresses In the rail. The high values of the lateral bending stress

in the outer rail found under the rear driver of both halves of the loco-

motives at the highest speed is an indication that at high speeds the flange

of these drivers may bear against the outer rail and thus that flange wear

may occur on these drivers as has been reported by the railroad company.

The impressions with copper wire made under the wheels of the

loaded freight cars on the 6° curve at a speed of 40 miles per hour indi-

cated that the flange of the first outer wheel of each truck bore against
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the outer rail, as also did that of the second outer wheel of the leading

truck of the first car and the second outer wheel of the rear truck of the

second car. These positions agree in general with the position of the

wheels measured after the cars had come to rest.

In considering the lateral bending of the rails of curved track, it

should be kept in mind that the beam strength of the rail in a lateral

direction is much less than that which resists bending in a vertical direc-

tion (the section modulus about a vertical axis being only about one-

fifth of that about a horizontal axis), large lateral bending stresses will

be developed by a lateral bending moment relatively much smaller than

the vertical bending moment that causes vertical bending stresses of the

same magnitude. The value of the lateral bending stress that is reported

is the amount by which the stress in one edge of the base of rail exceeds

the mean of the stresses in the two edges (the latter being the stress

called the vertical bending stress). For both outer and inner rail the

stress is called positive if it tends to increase the curvature in the rail

and negative if it tends to straighten the rail. The maximum fiber stress

in the base of rail will be equal, of course, to the numerical sum of the

vertical bending stress and the lateral bending stress.

It will be recalled that in locomotives of the Mikado type it was
reported in the third progress report that the lateral force necessary to

change the direction of the locomotive in traversing a curve was developed

by the outer rail against the flange of the outer truck wheel and generally

also of the first driver, and that the pressure against the flange of the

first driver increased considerably with an increase in speed. The out-

ward lateral bending stresses in the rail under these" two wheels thus

developed by these lateral turning forces are among the greatest lateral

bending stresses found. With locomotive 8675 the lateral bending stress

in base of rail under the first outer driver (see Fig. 31) ranged from

5,700 lb. per sq. in. at 5 miles per hour to 17,300 lb. per sq. in. at 35

miles per hour. The latter stress is higher than was obtained on the

outer rail of the 10° curve at a speed of 40 miles per hour with any of

the electric locomotives. The lateral bending stress in the outer rail under

the truck wheel remains nearly constant at the three speeds, which indi-

cates that the restrictive action of the connection of the leading truck to

the frame of the drivers is limited and that at the highest speed the.

first outer driver participates strongly in the guiding action. At the

highest speed the flange of the first outer driver cut off the copper wire

at almost every attempt to obtain a record. As is usual with this type of

locomotive the rear driver and the trailer also produced outward bending

in the outer rail at all speeds. On the inner rail the higher lateral bending

stresses at a speed of 5 miles per hour were under the first and third

drivers, 8,100 lb. per sq. in. at each point. These stresses are relatively

considerably smaller than those found with Mikado, Mountain, and Santa

Fe types of locomotive reported in the third progress report. They

are about the same as were developed with the General Electric freight

and passenger locomotives and less than those found with Westinghouse-
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Baldwin locomotives. It has already been stated that this steam locomo-

tive did not develop an excessive increase of load on one of the inner

drivers at the lovv^er speeds, as was generally the case with the locomotives

having eight and ten drivers reported in the third progress report.

With locomotive 10221 the lateral bending stresses in the inner rail

are relatively small (see Fig. 32), the greatest being 9,100 lb. per sq. in.

under one driver on the 10° curve and 5,800 lb. per sq. in. on the 6° curve

at 5 miles per hour, all the other values being considerably smaller. In

the outer rail the stresses increase with an increase in speed. At 40

miles per hour the greatest lateral bending stress in the outer rail on the

6° curve is 8,100 lb. per sq. in, and on the 10° curve 14,000 lb. per sq. in.

Strangely the higher lateral bending stresses in the outer rail on both

curves occur under the rear driver of each group except for the last group.

As was stated in the discussion of the position of the flanges of this loco-

motive with respect to the rail on curved track and of the impressions

given on copper wire, it is not clear how forces do act to change the direc-

tion of this locomotive at other than the first pair of drivers.

With locomotive 10254 the lateral bending stresses in the inner rail

are small (see Fig. 33), the greatest being 8400 lb. per sq. in. on the

10° curve and 6100 lb. per sq. in. on the 6° curve. In the outer rail

the lateral bending stresses are also low, the greatest at 50 miles per hour

on the 6° curve being 9600 lb. per sq. in. and at 40 miles per hour on

the 10° curve 11,700 lb. per sq. in., both being under the first driver of

the second half of the locomotive, which, according to the observed

position of the flanges, is the principal guiding wheel for the second half

of the locomotive.- Other than for this driver, the lateral bending stresses

in the outer rail are generally all small and fairly uniform. The values of

the lateral bending stresses, taken in connection with the position of the

flanges of the wheels when the locomotive is at rest, already described,

indicate that the first three outer wheels are the principal factors in

changing dirction of the first half of the locomotive and the first outer

driver of the second half of the locomotive is the principal one for the

second half. Attention has already been called to the higher vertical

bending stress under the last named driver at the higher speeds and to

the consequent higher load transmitted to the rail by this driver.

The three forms of the Westinghouse-Baldwin locomotive showed

much the same characteristics in the development of lateral bending

stresses, and the magnitude of the stresses in general did not differ

greatly. (See Fig. 34 to 36.) No. 10302 (the original form) gave one

exception to this statement. The lateral bending stress in the inner rail

under the second driver at 5 miles per hour was extremely high, 22,200

lb. per sq. in., and this was accompanied by an extremely high vertical

bending stress, 29,800 lb. per sq. in. Other than this value, the lateral

bending stresses under the wheels of the three locomotives are fairly

comparable at all the speeds and in both rails of both curves. The higher

values of the lateral bending stresses in the inner rail of the 10° curve

range from 12,000 to 15,000 lb. per sq. in. and in the outer rail 10,000
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to 12,000 lb. per sq. in. ; in the inner rail of the 6° curve 10,000 to 12,000

lb. per sq. in. and in the outer rail from 11,000 to 16,000 lb. per sq. in. In

the outer rail of both curves at the higher speeds, the higher lateral bend-

ing stresses in general occur under the rear driver of the two groups, an

unexpected result. The higher lateral bending stresses in the outer rail

in general do not occur under those drivers which would be expected to

l)arlicipate strongly in changing the direction of the locomotives. In fact,

the first outer driver of each half of the locomotive does not participate

in the guiding action, which is taken principally by the outer truck wheels

ahead of the drivers. The high lateral bending stresses in the outer rail

under the rear outer driver of each group of drivers at the higher speeds

on both curves may have some relation to the larger flange wear of

these wheels reported by the railroad company, though it is difficult to

see why the flanges of these two drivers should be strongly pressed

against the rail and the tests with the copper wire gave no indication of

such contact. It may be noted that at the highest speeds the vertical

bending stress under these two drivers has also been increased greatly,

indicating that the loads carried by these drivers are considerably higher

than the average of those carried by the other drivers on the outer rail.

The lateral bending stresses imder the wheels of the loaded freight

cars on both the curves (see Fig. 37) are significant. The stress in the

outer rail of both curves indicates that the flange of the front outer wheel

of each truck acts to change the direction of the truck so as to traverse

the curve. The lateral bending stresses in the outer rail on both curves

at all speeds under all wheels, almost without exception, act to increase the

curvature of the rail and they increase with increase in speed. The

lateral bending stresses in the inner rail on both curves, almost without

exception, act to straighten the rail, and they decrease numerically with

increase in speed. . It will be seen that on the 10° curve at the speed cor-

responding to the superelevation the magnitude of the lateral bending

stress in the outer rail under any wheel is almost the same as that in

the inner rail under the wheel on the same axle. The action is to spread

both rails at the wheels and to narrow the gage slightly at a point between

wheels. Some of the lateral bending stresses are relatively high. The

lateral bending stress of 9500 lb. per sq. in. in the outer rail of the 10°

curve under the first wheel of the rear truck of the second car is 60 per

cent of the corresponding vertical bending stress and 80 per cent of the

vertical bending stress under the same wheel on straight track at 40 miles

per hour. In general the lateral bending stresses are nearly as high as

those found with locomotive 10254, the locomotive which developed the

lowest lateral bending stresses.

It is worthy of note that for all the electric locomotives the lateral

bending of the outer rail on both curves at the highest speeds is generally

strongly outward under every wheel with a few minor exceptions, ?,

condition that differs markedly from that found with the drivers of all

the steam locomotives with which tests have been made.

14. Lateral Bending Moments.—It is of interest to represent

the lateral bending action in the rail by the lateral bending moments cal-
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culated from the observed lateral bending stresses by the use of the lateral

f
^

]
section modulus — of the rail, and to plot the values under and

between wheels to show the distribution and the intensity along the

locomotive and cars. As the position, nature, and stiffness of the support

of the rail laterally on the tie is not known, the values of the lateral pres-

sures against the rail can not be estimated. It is evident that the condi-

tions of the lateral support of the rail may be quite different from that

of its vertical support by the tie and that the elastic properties of the

lateral support are unknown. The test values give therefore the only

information on the lateral action of the rail.

Fig. 40 to 43 give diagrams of the lateral bending moments in the

outer and inner rails for all the locomotives and for the loaded freight
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Lateral Bending Moments in Outer and Inner Rail of

Curved Track with Locomotives of the C. M. & St. P. Ry.
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cars. As before, positive bending is taken to be that which increases the

curvature of the rail, and negative bending that which tends to straighten

the rail. The graphical representation may be helpful in easily getting a

comprehension of the action of the several wheels and the effect of speed

on lateral bending of the rail, and also in making comparisons of the

behavior of the locomotives. It should be borne in mind that the lateral

bending moments in the rail may be taken to be expressive of pressures

ooQQ0o oQQ On rT

Fig. 41.

—

Lateral Bending Moments in Outer and Inner Rail of

Curved Track with Locomotives of the C. M. & St. P. Ry.

and movements transmitted to ties and ballast affecting the maintenance* of

track line and surface. The relations between the lateral bending for the

several locomotives have already been discussed under "13. Lateral

Bending Stresses in Rail on Curved Track" ; the diagrams of lateral bend-

ing moments bring out clearly many of the characteristics of the loco-

motives there described.
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Lateral Bending Moments in Outer and Inner Rail of

Curved Track with Locomotives of the C. M. & St. P. Ry.
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Lateral Bending Moments in Outer and Inner Rail of

Curved Track with Loaded Freight Cars of the C. M. & St. P. Ry.
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The lateral bending moments for the outer and inner rails have been

added algebraically and plotted for three locomotives in Fig. 44. The

preceding diagrams brought out the large bending action developed in the

two rails separately; these diagrams show the intense and severe lateral

bending action produced in the track as a whole as the locomotive passes

around a curve, tending to push the ties and ballast first to one side and

then to another and to throw the curve out of line. In Fig. 45 the com-

bined lateral bending moments for outer and inner rails show that for
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the loaded freight cars the lateral bending effect on the track as a whole

is relatively small, since the moment in the two rails is of opposite sign.

For the cars, then, the effect on the alignment is principally a spreading

action and there is relatively little general distortion of the curve.

It will be noted that one type of locomotive produces effects on the

track as a whole which in comparison to those produced on the two rails

separately differ from the relative effects found with another type of

locomotive.

15. Lateral Movement of the Rails on Curved Track.—To
obtain further information of conditions bearing on the maintenance of

curved track, some measurements were made on the lateral movement of

the head of the rail from its initial or original position as the locomotive

passed around the curve at about two miles per hour. A bar and an

on oooo_ on no oo_0_P>g)QQ o
l_ocomoHve 0615 and Ca^s

LocomoHi^e J02S4-

Fig. 46.

—

Lateral Movement op Head of Rails on the 10° Curve at

Slow Speed. Locomotives and Cars of the C. M. & St. P. Ry.

attached Ames dial gage were held between the rail and a fixed stake 5

feet away. The dial was read as each wheel passed by. Any tilting of the

rail will, of course, affect the lateral movement measured. Fig. 46 and 47

give some of the results of the tests. The values shown are generally

averages of two tests.

With locomotive 8675 (Mikado type) the outer rail of the 10° curve

(see Fig. 46) is moved outwardly of the track more than 0.10 in. at the

front truck wheel and the same amount at the fourth driver. The outward

movement at the first wheel of each tender truck is also greater than at

the second. The inner rail is moved outwardly of the track at the first
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and second drivers about 0.22 in. This outward bending is continued by

the other drivers, the trailer, and the wheels of the tender, ranging from

0.10 to 0.17 in. At all points the track is spread and the gage widened

beyond that of the unloaded track. The position taken by the two rails

when the locomotive was backed over the curve (given by the dotted line)

differs from that with the locomotives going forward principally in thf

l_ocomof-ive /O3oz

Fig. 47.—Lateral Movement of Head of Rails on the 6° and 10° Curves

AT Slow Speed. Locomotives of the C. M. & St. P. Rv.

greatly increased outward movement of the outer rail at the trailer (0.25

in.) (showing that the trailer guides the group of drivers, with apparent,

difficulty) and the increased outward movement of the inner rail at the

second, third, and fourth drivers.

The movement of the rail on the 10° curve with locomotive 10254 is

peculiar (see Fig. 46). The outer rail is moved outwardly of the track
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by the first three wheels, inwardly by the first two drivers of the second

group, and outwardly by the last two of this group and by the first one

of the third group. The inner rail is moved outwardly throughout the

length of the locomotive. The deflection is pronounced at the first driver

of the second group and the second and third drivers of the third group,

reaching 0.25 in. The Avidened gage remains fairly constant for the

whole distance. It is seen that the movement of the rails from their

original position is in long swings as compared with the distances between

the inflection points of the vertical and lateral bending stresses found in

the rails themselves. The measurements taken when this locomotive was

backed over the curve agreed very closely in magnitude and direction with

the reversed position found with the locomotive going forward.

The outer rail of the 6° curve moved outward. in the passage of

locomotive 10302, and the inner rail also for much of the length of the

locomotive. Here again the increased gage of the track remained fairly

constant as the locomotive passed by. The record taken of the inner

rail of the 10° curve shows a marked outward movement at the middle

one of the first group of drivers, 0.28 in.

The diagram given by locomotive 10308 for the 10° curve shows an

improvement over that given by locomotive 10302. There is no large

movement of either rail, and the gage although widened remains nearly

constant. Diagrams made with the locomotive backing are nearly identical

with the reversed form of the forward ones.

The diagrams with locomotive 10301 also are an improvement over

those made by the original form of the locomotive. The widened gage

is nearly constant. The movement of the rail with the locomotive backing

was found to agree closely with that when going forward.

For the loaded freight cars (see Fig. 46), both outer and inner

rails move outwardly, the latter in greater degree at this low speed.

The movement of the outer rail is greater at the first wheel of a truck

than at the second. Both rails return nearly to their initial position at

the middle of the length of the cars, a condition not found for the loco-

motive and tender. The spreading of the rails is greater than 0.2 in., the

larger part of it being in the inner rail for the low speed.

It will be appreciated that the movement of the rails from their initial

positions may not coincide with the magnitudes and character of the

lateral bending stresses, since the latter may change quickly from point to

point along the rail while the former will be controlled by the com-
bined action of a number of wheels. It will be noted that the distance

between rails is always increased as the locomotive and cars go by. At
higher speeds than that at which these observations were made, about 2

miles per hour, the movement of the rails may be expected to be similar

to that described, except that the outer rail will move farther out and the

inner rail not so far. Observations at higher speeds for the eastern tests

will be reported farther on.
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16. Motoring and Regenerating.—It was thought possible thai

when a locomotive was motoring (pulling) the position of the wheels with

respect to the rails on curved track would differ from that taken when
the locomotive was operated with regenerative braking, and thus that the

two methods of operation might give differences in wear of flanges on

curves. The question was one of considerable interest to the railroad

company. A possible source for such a difference lay in the direction of

the friction between the drivers and the rail, the wheel tending to slip

backward on the rail when the locomotive was motoring, and forward

when regenerating. In traversing the curve the wheel on the outer rail

must slip backward, or its companion on the inner rail forward, or

possibly both. The wheel which slips longitudinally on the rail will

thus be the one of the pair that has the best opportunity to slip laterally.

It is seen then that the direction of possible longitudinal slip may deter-

mine conditions of lateral slip and thus also the position of the flanges

with respect to the outer rail. As such changes would also modify

the magnitude and direction of the lateral forces on the rail, it was thought

well to make tests with two locomotives coupled together, one motoring

and the other regenerating, and then reversing their operation and later

their relative position. Any difference in the lateral bending of the rails

might indicate dift'erences in opportunities for flange wear during motoring

and regenerating operation.

The tests were made on the 10° curve. The speed used was 25 miles

per hour, approximately the speed corresponding to the superelevation of

the track, and also about the greatest speed at which regenerative braking

is used with so high a retarding effoirt. Values of the braking and motor-

ing tractive force developed during the regeneration tests were read

from the characteristic curves for the two types of motors by means of

values of the line voltage and field and armature current observed in the

locomotive cab as the test section was passed. The characteristic curves

were furnished by Mr. L. Wiley, Assistant Electrical Engineer of the

C. \r. & St. P. Ry. It is estimated that the draw-bar pull ranged from

35,000 to 55,000 lb. in the various runs. As operated the speed was main-

tained practically constant.

In Fig. 48 to 51 are given the lateral bending stresses in the outer

and inner rails for one locomotive motoring and another regenerating,

(he one motoring sometimes being in the rear. Locomotive 10304 is an

original form of the Westinghouse-Baldwin locomotives and is similar to

10302, which was not available at the time these tests were made.

A study of the lateral bending stresses given in the diagrams shows

that the values are generally similar in magnitude and sign whether a

locomotive is motoring or regenerating. There are small differences, but

these are such as might be found in making tests from time to time. The

values already given in tests with the locomotives coasting are also very

similar in magnitude and sign. It may be concluded, then, that the lateral

stresses in both outer and inner rail do not differ greatly whether the

locomotive is coasting, motoring, or regenerating, at least at the speed
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corresponding to the superelevation of the track. It may be expected

that the flanges of the wheels occupy approximately the same position

with respect to the rail for the three conditions of operation.

Impressions of copper wire, taken with these tests, showed that with

locomotive 10221 the flange of the first outer truck wheel bore against the

outer rail, and also the first outer wheel of the rear truck, the second

wheel of each of these trucks being also close to the rail. This condition

is true whether the locomotive was motoring or regenerating and whether

in front or behind another locomotive. It was also found that the flanges

of the second inner driver of each group were usually close to the inner

rail, even though the lateral bending stresses in the outer rail at the cor-

responding outer wheel indicated a large outward bending. From these

impressions and the lateral bending stresses it is not clear how any but

the first group of drivers is guided around the curve. It is evident that

groups of two axles have an advantage in traversing curves.

Impressions of copper wire taken with locomotive 10308 showed that

the flange of the first outer truck wheel bore against the outer rail, as

did the outer truck wheel just ahead of the second group of drivers and

the first outer wheel of the rear truck, whether the locomotive was motor-

ing or regenerating and the same condition was found when the locomo-

tive was coasting over the curve. It is evident that the flanges of the

two wheels named furnish the guiding action for the two groups of driv-

ers. The same conditions were found with locomotive 10304 but it will

be noted that the lateral bending stress at the outer truck wheel ahead

of the second group of drivers was greater than with locomotive 10308,

as was true in the test with locomotive 10302 when coasting. In the

tests with all the Westinghouse-Baldwin locomotives at the speed of 25

miles per hour, usually the flange of the rear inner driver of each group,

and in some cases those of both the second and the rear driver, were

close to the inner rail, while at the same time the companion driver

produced outward bending in the outer rail.

It was also found that the vertical bending stresses developed in the

motoring-regenerating tests (see Fig. 48 to 51) did not differ greatly with

the two methods of operating and were much the same as were found

with the same locomotives when coasting. These vertical bending stresses

are therefore not discussed here.

It is thought also that the lateral bending stresses for a locomotive

motoring or regenerating would not be relatively different at speeds

higher than the speed corresponding to the superelevation of the track.

17. General Discussion of the Tests on the C. M. & St. P. Ry.—
It may be of advantage to review some of the facts brought out in the

preceding discussion and to make comparisons and call attention to

relations of various kinds that are apparent from the results of the

tests.

The mean stress in base of rail on straight track at the low speed

had much the same value as that found by calculation by the analytical
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method using the nominal loads, the diflferences rather emphasizing the

variations from the nominal loads that may occur. The influence of the

close spacing of wheels in decreasing the stress in rail is well illustrated

by locomotives 10254 and 10221, the stress under a driver of the former

being only about 50 per cent of that which would be developed if the

wheels were very far apart while that under the drivers of the latter was

about 85 per cent of a corresponding value. The average of the mean

stresses in the outer and inner rails for all the wheels on the curved track

did not differ much from the calculated values, being somewhat greater

on the 10° curve.

The mean stress in base of the 90-lb. rail under the drivers on straight

track at 5 miles per hour ranged from 8000 lb. per sq. in. for the General

Electric passenger locomotive and 12,000 for the Mikado type (not includ-

ing counterbalance effect) to 15,500 for the Westinghouse-Baldwin loco-

motive (with an average stress for one driver of 19,700 lb. per sq. in.)

and 17,000 lb. per sq. in. for the General Electric freight locomotive. The

mean stress in the rail at the same speed under the wheels of the loaded

freight cars with a wheel load of 18,500 lb. averaged 11,000 lb. per sq. in.

There was, of course, a belt of values with a range above and below the

average value reported for any wheel of locomotive or cars.

The increase in stress in rail with increase in speed was relatively

small for all the locomotives. It may be remarked that variations may
be expected in the values of the ratios, as there are many variable condi-

tions in such tests, this being especially true when the measured stresses

are small ; thus, for a stress of 8000 lb. per sq. in. an increase of 10 per

cent is only 800 lb. per sq. in. and changing conditions may easily make
differences nearly as great as this. For the passenger locomotives (except

for 10302) the increase in stress on straight track from 5 to 60 miles per

hour may be said to be about 12 per cent (see Fig. 14). The correspond-

ing increase in stress was about 1500 lb. per sq. in. The speed effect

from 5 to 40 miles per hour was relatively smaller. That of the Gen-

eral Electric freight locomotive was not large. That of the Mikado loco-

motive was larger, but was only 10 per cent ; this does not include the

effect of counterbalance. On the 6° curve the speed effect differed but

little from the value for straight track. The 10° curve gave a somewhat
higher value, but the difference is not marked. The values for the

loaded freight cars on straight track and 10° curve are greater, but for

these the increase in mean stress is only 13 and 25 per cent, respectively.

All of these values of the effect of speed are smaller than were obtained

in former tests. It should be borne in mind that the values noted are all

average values ; in all the locomotives and cars there are increases under

individual wheels that are much larger than the average given.

The relation of the speed effect for dead or unsprung load to that

carried on effective springs is of interest, as is also the relation of diameter

of wheel to speed effect. It is frequently stated that the effect of speed

on track is inversely proportional to the square of the diameter of the

wheel and directly proportional to the dead weight carried. Sometimes
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the first power of the diameter is given instead of the square. Table 1

gives the unsprung weight carried by one driver of the General Electric

freight locomotive as 8100 lb. equal to 29 per cent of the average total

load on the driver, the corresponding values for the General Electric pas-

senger locomotive being 4800 lb. and 24 per cent, and for the Westing-

house-Baldwin passenger locomotive 3900 lb. and 12 per cent. The diam-

eters of the drivers of the three types of locomotive are 52, 44 and 68 in.,

respectively. In Table 4 and Fig. 14 are given the average values of the

speed effects found, as measured by the mean stress in base of rail. A
study of these values and of the other data of the tests* does not indicate

that the effect of speed on bending stresses in rail varies with diameter of

wheel and proportion of unsprung weight to the extent given by the prin-

ciples quoted above. The variations in the values due to a number of

causes do not permit the effect of diameter of wheel and amount of

unsprung weight to be segregated, but it is evident that their effects,

although important, are far smaller than would result if the principle

cited were sound. The effect of diameter of wheel, within the limits of

size and speed considered, from analytical considerations would not seem

to be very great for good track, whatever might be the effect on the bear-

ing strains in the rail (detrusion) or in the resistance to traction—the

latter being relatively small. The assumption that the speed effect varies

with the proportion of unsprung load implies that the sprung load has a

negligible effect, thus overlooking the defects of the action of the springs

and equalizing systems and the flexibility of the track itself. Doubtless,

too, a load applied between the wheels of a pair exerts less speed effect on

one rail than if half of it were applied to the one wheel. Poorly designed

and maintained equalization systems and inadequate springs, too, may
detract from the usefulness of springs. It is not intended by these

remarks to belittle the need for providing adequate springs for a large

proportion of the load. It may be added that the condition of the track

surface must have an important influence on the speed effect ; uneven

track, that is, track with a succession of hard spots and soft spots, may
be expected to give large speed effects. Attention should also be called

to the advantage of having adequate easement curves when the propor-

tion of unsprung weight is large, particularly when this weight is low,

as when it is carried directly on the axle.

The foregoing discussion relates to the average values of the mean

stress in base of rail. Due to the lateral bending of the rail, the ratio

of stress at outside edge to mean stress will vary. On straight track

(see Tables 6 and 7) the average of these ratios for the various wheels

of the several locomotives ranged from 0.82 to 1.33, the former being

under the trailer of the Mikado locomotive and the latter under a driver

of a Westinghouse-Baldwin passenger locomotive, the lateral bending

*Iti locomotive 8675 the unsprung weights for the first, second, third and fourth
drivers are 20. 22, 33 and 20 per cent of the wheel loads, respectively. The diameter of

the drivers is 63 in. The increase in stress in rail under the drivers with change from
S to 40 miles per hour on straight track is about 9 per cent, not counting the effect of
counterbalance..
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stress in the latter case having a value of 4500 lb. per sq. in. The ratios

were generally different for the two sides of the locomotive, sometimes

markedly different, and the ratio at one wheel differed from that at

another. Generally there were one or more wheels in each locomotive

that gave a markedly higher outward lateral bending of the rail than

the others, the reason for the higher stresses not being apparent.

Also for a given wheel the individual observations of lateral bending

stresses in the rail of straight track varied widely from the average

stress corresponding to the average ratio just considered. Lateral bending

stresses as great as 9000 lb. per sq. in. were found in connection with

a mean stress or vertical bending stress of 22,000 lb. per sq. in., making

a stress of 31,000 lb. per sq. in. at the outside edge, though there were

few of this magnitude. It is evident, of course, that these lateral

stresses and the accompanying lateral movement of the rail are factors

which produce stresses and movements in ties and ballast and thus

affect track maintenance and also enter into the maintenance require-

ments of the locomotives. It may be said, however, that the lateral

bending stresses and lateral movements found in the tests with these

locomotives are in general less than have been found in some of the

tests of straight track made previously. With the electric locomotives

the absence of stress due to counterbalance was especially noticeable.

It is to be expected that with the great diversity in wheel loads,

wheel spacing, wheel grouping, and articulation of running gears and

devices for regulating flexibility the four types of locomotives in travers-

ing the curved track will show a variety in the magnitude and distribution

of the lateral bending stresses in rail, in the division among the wheels

of the work of guiding the locomotive around the curve and in effecting

the lateral slip of the wheels on the rail which is an essential element

in negotiating a curve. Differences may be expected in the flexibility

of the locomotives, both as a whole and in their various parts, and also

in the effect on the alignment of the track and its necessary maintenance.

A discussion of the effect of the details of design of the different loco-

motives and their influence oh the track as shown by the tests can not

well be taken up at this time. The mechanical departments of the rail-

roads and the builders of locomotives have long given attention to the

requirements of locomotives for traversing curved track. The results

herein reported may be expected to be of service in the further improve-

ment of details of this part of locomotive design. Some of the methods

and results may be suggestive of ways for securing information bearing

on the effect and the usefulness of devices and of methods of correcting

defects which may be found to exist.* The data reported here will give

opportunity for the study of various questions which have been raised

concerning certain features of locomotive design. It is to be expected

that conditions giving unusual or unexpected stresses in the rail will

produce similar effects in the locomotive structure.

•An excellent illustration of improvements made by changes in the design of
locomotives after track tests had been made, whereby a critical excessive stress
developed in the rail of a 10° curve was decreasea by one-third, is given in

Circular No. D. V.-344 of the Mechanical Division of the American Railway Associ-
ation, a paper on Tlie Relation of Track Stresses to Locomotive Design by C. T.
Ripley, Chief Mechanical Knginecr of the A. T. & S. F. Ry. The paper brings out in

an excellent way the intimate relation between locomotive design and stresses in track.
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The tests show that the lateral bending stresses in the rail on curved

track, and therefore the lateral pressures on the rail, are relatively very

great. For the curves used (6° and 10°) relatively large lateral pressures

on the rail must be accepted as a necessity; the problem is how by proper

design and maintenance to keep the values as small as possible and to

make the track structure as resistant as is feasible.

All the locomotives behaved well in traversing the curved track even

at the highest speed run, though, of course, there were differences

noticeable. The speeds of 50 miles per hour on the 6° curve and 40

miles per hour on the 10° curve run by the passenger locomotives were

rather high, in view of the superelevation used, but the locomotives ran

the curves very smoothly except where the alignment was not good.

The speed corresponding to the superelevation of the track was only

three-fifths of the maximum speeds run, but the tests do not indicate

that the maximum lateral bending stresses were unduly increased by

reason of this difference.

The effect of imperfect alignment in parts of the curved track on

the behavior of the locomotives, as in the vicinity of the pile bridge on

the 10° curve, and also the effect of an easement curve that was imper-

fectly kept up serve to emphasize the importance of maintaining excel-

lence in line and surface if trains are to be operated at high speeds

around such curves. At the higher speeds it appears also that easement

curves of adequate length are very useful in adjusting the trucks and

coupling connections to take the curve under the best conditions and

thus to reduce the wear of both locomotive and track.

The tests have again brought out the interrelation of quality of

maintenance of both track and rolling stock to effects of traffic on the

maintenance of both and thus emphasize the value of keeping up a high

standard of excellence in the maintenance of track and of locomotives

and cars. High excellence in the make-up of the track structure and

in the design of locomotives and cars likewise contributes to low mainte-

nance costs.

III. TESTS ON EASTERN RAILROADS

18. The Phenomena.—The tests on eastern railroads were

undertaken mainly with the view of obtaining information on the effect

of canting the rail inwardly of the track upon the stresses in the rail

and upon other matters affecting track maintenance, as compared with

results found with upright rail. The tests also gave information on the

action of track laid with the heavy rail used on three of the railroads.

Whether there are advantages in so supporting the rail that its axis

is inclined inwardly of the track instead of being vertical has been a

mooted question. The advocates of canting have held that by adzing

the ties to give the right slope or by using tie plates with the outer end

thicker than the inner one (called inclined tie plates) the center of the

bearing of the tread of the wheels of locomotives and cars will be more

nearly on the center of the head of the rail and the wear of the rail will
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extend over a greater width of the head, thus increasing the life of the

rail, and that the load will be more directly transmitted to the tie than

is the case when the axis of the rail is vertical. It is further said that

canting tends to prevent widening of the gage under traffic and otherwise

reduces the cost of maintenance. The inclined tie plate also usually

projects farther on one side of the rail than on the other, the greater

thickness at the side having the greater projection may present an

economic advantage in design. The advocates of a vertical position for

the rail feel that better results will be obtained with a flat tie plate so

proportioned that it projects outwardly from the rail a distance sufficiently

greater than its inward projection that the resultant of the bearing force

of wheel on rail will pass through the center of the tie plates ; that the

condition of the tread of wheels is so diverse and the conditions of track

and rolHng stock affecting the direction and magnitudes of the lateral

pressures so variable that it is impracticable so to cant the rail as to give

the advantages claimed ; that it is difficult to provide a construction near

and through turnouts that will be substantial and workmanlike without

undue expense ; and that dissatisfaction with vertical rail may generally

be laid to neglected maintenance and to lack of tie plates or to small and

poorly proportioned tie plates.

On curved track the effect of canting the rail may be expected to

be more complicated than on straight track and the conditions may
differ for inner and outer rail and under the several wheels of the

locomotive and cars. It is evident, then, that tests and observations will

be needed on both straight and curved track and that separate considera-

tion should be given to the two kinds of track.

As the test party had had no previous experience with the problem,

all the tests had to be made in the ways that seemed to give the best

promise of results, and the utility of the methods could not be determined

until after the data were reduced and assembled. It had been judged

that the lateral bending stresses in the rail, as measured by the strem-

matograph, would furnish the most useful information obtainable and

that measurements of the lateral movement of the rail and of its tilting

as the load passed by would serve well as an auxiliary means of obtaining

information. The lateral bending stresses were found to give information

of value bearing on the canting of the rail and other special conditions

of the track, but it is now seen that a much larger number of measure-

ments of lateral movement and lateral tilting of the rail at several points

on the track with a better and more systematic development of methods

would have furnished information more directly applicable to the problems

than was appreciated in advance.

It is. apparent that the phenomena of lateral movement, lateral tilting,

and lateral bending of the rail are intimately connected not only with

the condition of the tread of the wheel and the position of the rail with

respect to the vertical but also with the amount of eccentricity of the

tie plate, the nature of the wood of the tie and its elastic properties.
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the condition of the ballast support, and the lateral movements and forces

of the locomotive and cars. These elements are bound together in an

intricate way. To find the influence of a single one would be a difficult

task. To help to understand the action of these factors a further state-

ment of the conditions and factors present when wheel loads pass over

track may be useful. Some of them may seem minor matters and others

indefinite—all of them will be subject to considerable variation. The
conditions to be found on straight track will be taken up first

:

(a) The gravity load transmitted by wheels to rails on track that

is level transversely constitutes a vertical force, which, of course, has

no horizontal or lateral component.

(b) Lateral movements of the load due to variations in track and

oscillations and nosings of locomotive and cars produce lateral forces

acting against the rail, either inwardly or outwardly of the track. These

forces will be applied to the rail by friction between the tread of the

wheel and the head of the rail, and less frequently by pressure from

the flange of the wheel itself.

(c) Lateral changes in the direction of motion of the wheels of a

frame or truck from time to time, whether by lateral slipping or other-

wise, will develop lateral forces on the rail that are of consequence in

contributing to the variability of results.

(d) It has been shown in previous progress reports that the ordi-

nary coned wheel running along an upright rail develops a lateral bending

in the rail. For perfect conditions of wheel, rail, and tie, it would appear

that this outward thrust may be connected with the differences in dis-

tances traveled by the wheel tread at the two edges of the surface of

contact, due to the differences in the circumferences of the .wheel at

these two points, and also possibly to an unsymmetrical area of contact of

wheel on rail when the center of bearing is at one side of the middle of

the head. This lateral bending of the rail persists even after the wheels

have come to rest. It would be of interest to learn whether rail that

is so canted as to bring the center of bearing at the middle of the head

would develop lateral bending of the rail to the same extent.

(e) The resultant of the vertical load and the lateral force may not

pass through the midpoint of the base of the rail. The use of an

eccentric tie plate, that is, one having a greater projection on one side

of the rail than on the other, is, of course, based on the belief that the

resultant is not vertical, and, since the longer projection is placed on

the outside, that the resultant inclines outwardly. As the position of

the resultant will be variable, the design of the tie plate should be based

upon the average position of this force.

(f) For other positions of the resultant the distribution of pressure

on the tie will not be uniform from end to end of plate. If e is the

relative eccentricity of the resultant of the applied forces, given in terms

of the length of the tie plate (for example, 1/10 when the resultant

passes 1 in. from the middle of a tie plate 10 in. long), po the average
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pressure of tie plate on tie, it is easy to show that the intensity of pres-

sure p at an end of the tie plate will be given by the equation

p = (l±6e)Po (34)

when the relative eccentricity is less than 1/6, and

P^Vy
Po

(35)

Vz — e

at the outside end when the relative eccentricity is greater than 1/6. In

Fig. 52 three distributions of the bearing pressure are shown. For

uniform pressure the resultant of the applied forces will pass through

the midpoint of the plate. If the resultant of the applied forces cuts

the bottom of the plate one-sixth of its length away from its midpoint

(relative eccentricity 1/6) the pressure at one edge will be double the

average and that at the other will be zero. If the resultant passes through

a point one-fourth of the length from the midpoint, the pressure at one

edge will be two and two-thirds times that when uniformly distributed

[ii
\
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rail will tilt under the load and the head of the rail will move inward
or outward and the gage will narrow or widen. Besides, if the intensity

of bearing pressure is greater than the elastic bearing limit of the wood,
repetitions of such applications will result in cutting the tie and give

permanent changes in gage and alignment. It is evident that the length

of tie plate and its eccentricity will have an important influence upon
the action of the rail and tie under load and thus also upon matters of

track maintenance. This tilting and lateral movement may be quite

independent of the lateral bending of the rail due to the lateral forces

already referred to.

(h) The flexural position of the tie at the rail may also affect the

inclination of the rail, though not to the same extent as does the tie

compression. If the tie at this point slopes outwardly when under load,

as in the case of a centerbound tie, the rail will tilt outwardly, if the

slope is inward, as with an endbound tie, the rail will tilt inwardly.

(i) The order of magnitude of the depressions, slopes, tilting and

lateral movement may not be large, and yet the effect on track mainte-

nance may be of importance.

(j) It is apparent that with all the variations of locomotives and

cars and of track conditions there will be found great variations in the

effect on rail and tie. One rail may differ considerably from the other,

and the conditions will vary from point to point along the track. Both

average results and ranges in values should be considered and a study

made of the meaning of the variations.

On curved track the conditions are further complicated. The trans-

verse inclination of the track gives inclination to both rails, changing

the inclination of the line joining the middle of the head of the rail and

the middle of the length of the tie plate, in effect increasing the eccentricity

of the tie plate of the outer rail for speeds below the speed corresponding

to the superelevation and decreasing it for speeds above it, and having

the opposite effect for the inner rail. As was shown in the third progress

report, the wheels of a fixed frame must be made to change direction in

traversing the curve ; the flange of the leading outer wheel or of a

wheel ahead of the group by bearing against the outer rail acts to cause

lateral slippage of two or more of the leading wheels of the frame and

thus develops an important lateral force outwardly on the rail. By the

turning action there are developed other outward or inward lateral forces

in both rails which cause important lateral bending stresses in the rail.

These various lateral forces and the combined effect of centrifugal force

and superelevation may be expected to influence the effect of canting

the rail and of eccentricity of tie plate.

19. The Track.—The tests were made on track in the condition

found at the time. No special work had been done before the test

except that on the B. & O. R. R. inclined tie plates had been replaced

ten days before on a stretch of straight track and on a 1" curve in

order that tests might be made with flat tie plates comparable to the
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conditions of track having inclined tie plates. The stretches of track

chosen for the tests appeared to be as uniform as the general run
of the adjacent track. They are thought to be representative of the

track found on the railroads in the vicinity of the tests except possibly

the track with flat tie plates on the tangent and 2^° curve of the R. F.

& P. R. R., which will be described further on. For all except the two
locations just referred to the track was in excellent condition and repre-

sentative of high grade track under heavy traffic service.

Table 12 gives data of rail, tie plates, ties, ballast, gage, and super-

elevation of outer rail on curves. Table 13 gives properties of the

sections of the rails where tests were made and Fig. 53 the rail sections.

Fig. 54 shows the design of the tie plates. All inclined tie plates had a
slope of 1 in 20.

Table 12

Data of the Track

Depth of Ballast and Superelevation are Given in Inches ; Size of Ties and Gage in Feet
and Inches.

Track Tie Plates Rail Section
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Table 13

Properties of Sections of Rails on Test Track
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The tests on the B. & O. R. R. were conducted on the castbound

track at Harper's Ferry, West Virginia. On the straight track the rail

was worn only slightly. On the two 7° curves the rail was in good con-

dition except that on the 7° curve having flat tie plates, the head of the

inner rail had been mashed down considerably, this condition existing

90-lb. af?.fl.-fi lOO-lb. R.£.

130-lb. R.E.. 156-lb. LV.

Fig. 53.

—

Sections of the Rails.

before the tie plates were changed. The alignment and surface were

good. The two curves had a high superelevation (6.7 and 7.1 in.) and

the greatest speed used, 40 miles per hour, was only slightly above that

corresponding to the speed of superelevation. With the heavy traffic over

this track, the tests were conducted with difficulty.
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The tests on the railroajd of the Reading Company (formerly the

Philadelphia and Reading Railway) were conducted on eastbound track

at and near Myerstown, Penn. From Myerstown west there are four

tracks and a few miles eastward there are three, so that the traffic on

the test stretch is extremely heavy. The rail had been laid two months

before. A few of the inclined tie plates were loose. The ties were large

and in good condition. The track was in general good condition.

The tests on the L. V. R. R. were conducted on eastbound track

6 miles west of Mauch Chunk, Penn. The traffic was heavy. The

tests were made on straight track and 10° curve (the latter being

called the Ox Bow curve), both having inclined tie plates. The rail was

in good condition, though that on the 10° curve, as is shown in Fig. 101,

Reading Co. R.F.irPRR.

B. sr O. R.R.

LV. R.R.

On straight track On curved track

1 ^i ecc. „

Fig. 54.—Sections of the Tie Plates.

was considerably worn even though the outer rail had been laid only

two months before, and the inner had been taken from the outer rail

at the same time where it had been in service about six months. The

tie plates had been in the track and on the same ties since 1916. The
surface and alignment were good, and the ballast was unusually good.

On the 10° curve the superelevation (6% in.) corresponded to a speed

of 31 miles per hour, and 35 miles per hour was used in the tests.

The tests on 5° curve on the R. F. & P. R. R. were made north

of Cherry Hill, Virginia, on track with inclined tie plates, and near

Brooke, Virginia, on straight track laid with flat and with inclined

tie plates and on 25^° curve with flat tie plates. The 5° curve was
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in excellent condition, except that the alignment was only fair. The
superelevation was 5.4 in., corresponding to a speed of 40 miles per hour.

The straight track having canted tie plates was in excellent condition.

The track having flat tie plates, both the straight track and the 2j^° curve,

was not in as good condition ; it was planned soon to relay these stretches

with new rail and inclined tie plates. At the test location of straight

track with flat tie plates, near the beginning of the 2^4° curve, the right

rail was 2 in. lower than the left, the location being chosen as the only

straight track with flat tie plates available. All tests were made on south-

bound track.

LocomofiVe 462Q B 8cO. R.R.

^j'-9'A^ 9- 7 '—\5'9'A^-ll-IO§ >|' lO- '-A'S'e'A'^'e 'A-5'-6 "A-^-O "*!- 9-2'-

74- 6 §

LocomoHue I R.F.&P RR

-0 O^
-^-/O4— 9-2— -J/O

Fig. 55.

—

Diagrams of Locomotives.

Measurements of track depression were not made except in an incom-

plete manner, but it is thought that the modulus of elasticity of rail

support u was about 2000 on the B. & O. R. R., Reading Co. and L. V.

R. R. The track structure was apparently both solid and stiff.

20. The Locomotives and Cars.—In Fig. 55 are given the dia-

grams for the locomotives used in the tests on the four railroads—wheel
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loads and spacings, diameter of drivers, and number of the locomotive.

The locomotives were used as they were found in service. The loco-

motive of the B. & O. R. R. had been in service for only a short time,

that of the Reading Co. was relatively new and that of the L. V. R. R. had
been in the shop shortly before. That of the R. F. & P. R. R. was older,

but was in fair condition. The Pacific type locomotive is the standard

freight locomotive on the R. F. & P. R. R. Contours of the tires of the

driving wheels were taken ; those of the L. V. R. R. were new and the

others were in average working condition; those of the R. F. & P. R. R.

were somewhat worn. Information on the counterbalance of the loco-

motives was not obtained, and the runs were made in a way that would
give a distribution of tests throughout the revolution of the driver and

thus the average would mask the effect of counterbalance.

In Fig. 56 are given diagrams of the loaded cars—wheel spacing,

capacities, and actual wheel loads. The loaded cars were weighed, and

then each half weighed separately; the wheel load was taken as one-

fourth of the load on one truck. It is seen that the wheel loads of the

different cars varies from 17,500 to 26,500 lb. The cars had all been in

service for some years—they had the variations that are to be found in

cars in service. The wheels were not badly worn. The diameter of the

wheels was 33 in.

It should be noted that the standard coning of the wheels of loco-

motives and cars of the B. & O. R. R. is 1 in 13 ; that of all the other

railroads is 1 in 20.

21. Conduct of Tests and Reduction of Data.—The method of

using the stremmatograph was similar to that described in the former

progress reports. Four stremmatographs were placed on each rail, spaced

about 5 ft. 6 in. apart, generally three tie spaces, the instruments on one

rail being directly opposite instruments on the other rail. The 136-lb.

rail on the L. V. R. R. required instruments of larger frame proportions

and only six instruments were available for this test. The driving

mechanism used rotated the disks of all the instruments simultaneously.

The correlation of a point on the record of one of the disks with the

corresponding point of any other disk at the same moment was possible.

It will be recalled that the stremmatograph records the strain at each

edge of the base of rail on separate disks. The speeds used in these

tests were usually 5 and 40 miles per hour; in the tests on the 10° curve

of the L. V. R. R. 5 and 35 miles per hour were used. Usually ten

runs at each of the two speeds were made, the rotation being 5, 5, and 40

miles per. hour on one set of disks and 5, 40, and 40 miles per hour on

the next. The speed was observed by a speedometer placed in the cab

of the locomotive.

Impressions made by the wheels on copper wire laid across the rail

were taken at most of the test locations. The wire generally was 0.1 in.

in diameter, but smaller wire was used at the test locations on the

L. V. R. R. The head of the rail was punch-marked in advance to
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permit identification of the position of the wire with respect to the rail

section. The impressions on the two rails were taken on separate runs,

so the two sets may not be coordinate. Usually tests were made on each

rail for two runs at each speed.

The lateral movement of the head of the rail was measured by

means of a special device. One end of a light steel rod was fastened

to the rail in such way that a point at its end was held at a definite spot

BScO R.R.
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Fig. 56.

—

Diagrams of Cars.

in the outside of the Read about one-half inch below its top. The lateral

movement of the rail was recorded by a needle on a smoked glass disk

placed on a rigid stake set about 5 feet from the rail, and this disk

was rotated as the train passed by.

The tilting of the rail with reference to its initial position was

measured by another device. A bar placed under the two rails was
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fastened so that the rail could pivot about one of its edges. A needle

bar connected to the head of the rail at a definite place about one-half

inch below the top of the rail held a needle which made a record on a

smoked glass disk, the disk being fastened to a support at the end of

the bar and rotated by an outside mechanism. The apparatus permitted

vertical and lateral movement of the rail and measured only the move-
ment due to tilting of the rail.

The methods used on curved track were the same as on straight

track. Care was taken to choose a location that was representative of

the curve with respect to alignment, superelevation, cant, and gage.

A method for determining the track depressions under load was
developed. One end of a wooden bar was fastened to the base of the

rail with a hinged connection. The other end was pivoted at the top

of a stake ten feet from the rail. At a point two-thirds of the distance

out from the rail' an Ames dial gage was placed between the bar and
another stake. The Ames dial was read at and between the wheels as

the locomotive and cars slowly passed by. Although this method gives

the depression at only one point, both the test and the reduction of

data are relatively rapid, and by making observations at three or more
points it is believed that the results will be as satisfactory as those

obtained with the longer and more tedious methods that have been used.

Lack of time and opportunity prevented its use in more than a tentative

way.

The process followed in the reduction of the stremmatograph data

was the same as that described in the previous progress reports. About
135,000 readings with the microscope were made. Averages were calcu-

lated for the stresses at the inner edge and the outer edge of the base of

rail and for the mean stress in the base of rail. The ratio of the stress

at the outer edge of the base of rail to the mean stress in base of rail

was calculated for the individual observations.

As the stresses in the heavy rail were relatively small, it will be

seen that an error of observation either instrumental or personal of a

given amount will furnish a larger proportional error than will be found

in lighter rail with the same wheel loads. Besides, as was found in the

tests with heavy rail described in the first progress report, the chatter-

ings on the record are greater with the heavy rail, due probably to the

relatively greater mass of the rail as compared with the instrument and

the shorter period of vibration. It is believed, however, that the errors

of observation in these tests are about the same as in previous tests.

The records of the disks used in measuring tilting and lateral move-
ment of rail were read by means of a low-power microscope. Readings

were made for each wheel. The values are sufficiently accurate to

give serviceable information.

22. Stresses in Rail on Straight Track.—In Fig. 57 to 63 are

given the mean stress in base of rail under and between wheels of

locomotive and loaded freight cars. The values given are averages for

both rails for all the runs at one speed, usually about ten runs being
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made. These stresses agree fairly closely with values calculated from

the wheel loads and properties of the track by the method given in the

first progress report. As compared with the stresses observed in rail

of 85 and 90-lb. section, the mean stresses in base of rail are small, at

5 miles per hour averaging about 8000 per sq. in. under the drivers for

the heavy rail and about 13,000 or 14,000 lb. per sq. in. for the light rail.

.C

20000

lOOOO

lOOOO

•5: lOOOO

to o

-lOOOO

OO OOQQ QQQQ OQ Q ®@©Q O
riaf Tie Plates

i3o-lb. R. E. Rail 5 m.p.h.

nr

40 m.ah.

mil

Fig. 57.

—

AIean Stress in Base of Rail on Straight Track. Flat Tie

Plates, Mikado Type Locomotive and Cars. B. & O. R. R.

2O00O

f^lOOOO
«0

o

.C
/oooo

I ^

-Ioooo

OO c^o OO oooo OOP ®@©Q o
Inclined Tie Plafes_

I30-Ib. R.E. Rail 5 m.ph

u"
u rr\i y u-yu

Hhitti

ti^JTti

40m.pL/i

m
Fig. 58.

—

Mean Stress in Base of Rail on Straight Track. Inclined

Tie Plates. Mikado Type Locomotive and Cars. B. & O. R. R.

At the higher speeds the mean stress is also small. Under the wheels

of the loaded freight cars, the mean stress in the heavy rail ranged from
6000 to 10,000 lb. per sq. in. for a wheel load of 25,000 lb. at a speed of

5 miles per hour, nearly as great as that found under the drivers of the

locomotive. It is seen from the figures that the stress under a wheel

at the end of a car adjoining a tender or another car is smaller than

that under the other wheel of the same truck, which has a longer spacing

to the next wheel. This fact was brought out in Fig. 10 of the first

progress report.
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In Fig. 64 and 65 are given values of the individual observations

of mean stress in base of rail for the drivers of the Mikado type loco-

motive on the B. & O. R. R. as a sample of the variations in stress

which are found with the heavy rail. The instruments 41, 42, 43, and 44

are on the left rail, and 51, 52, 53, and 54 are on the right rail, 41 being

opposite 51, etc. The main belt of values seems to extend about 3500 lb.

per sq. in. on each side of the average line. The variation of values on

the whole is similar to that found in tests previously made. It is evident
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Observed Values of Mean Stress in Base of Rail at the
Eight Instruments on Straight Track Under the
Drivers of the Mikado Type Locomotive of the B. & O.

R. R. Flat Tie Plates.

that the condition of the track varies from instrument to instrument,

the range of values at a given instrument being relatively small, in some
cases not more than 1000 lb. per sq. in. above and below the average

for the instruments.

The relation between the stresses under the drivers and the position

of the counterweight has not been studied, although the position with

respect to the instruments was observed for every run. It is known that

the position of counterweight was well distributed throughout the revo-

lution of the drivers in the various runs, so that the average values of

stress given do not involve any effect of counterbalance.

Throughout the tests on straight track the average value of the

mean stress in base of rail for all the wheels of locomotive and cars for

one rail did not differ much from that for the other rail. Some differ-
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ences were found, however, in the two rails of the R. F. & P. R. R.,

due in part in one case to one rail being lower than the other.

The average increase in mean stress in base of rail on straight track

for a change from 5 to 40 miles per hour for the locomotives ranged
from 14 to 17 per cent on the three railroads and for the cars from 10

to 25 per cent, values for individual wheels in some cases being much
higher. In some cases the increase in stress differed in the two rails.

In some locations the left rail gave the higher increase; in others, the
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Fig. 65.—Observed Values of Mean Stress in Base of Rail at the
Eight Instruments on Straight Track Under the
Drivers of the Mikado Type Locomotive of the B. & O.

R. R. Inclined Tie Plates.

right one. The difference between the higher value and the average of

the two rails ranged from 1 to 10 per cent. It is seen that an increase

of 10 per cent in the stress means a change generally less than 1000 lb.

per sq. in. Such variations may easily be due to differences in track

conditions.

23. Lateral Bending Stresses in Straight Track and Ratios of

Stress at Outside Edge to Mean Stress in Base of Rail.—In all

tests of track the rail has been found to bend laterally, both inwardly
and outwardly of the track. If the lateral curvature is outward at a
wheel it is usually inward at a point between wheels, and vice versa.

This flexural action is similar to the vertical bending of the rail—convex
downward at a wheel and upward between wheels. The lateral bending
of the rail in the sense here used should be distinguished from the
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larger outward or inward movement of the rail as a whole or for dis-

tances longer than say 40 in. for a group of wheels, in just the same way
that the bending of a rail in the vertical plane must be distinguished from

the depression of the rail and track for the length of a group of wheels.

The bending of a rail as a beam, both vertical and lateral, is of a smaller

order of magnitude than the vertical and lateral movement of the rail.

The lateral bending stresses may have one source and the lateral move-

ment another.

Fig. 66 and 67 are given as examples of the values of the stresses

at the two edges of the base of rail, the one on the Reading Co. showing

relatively small lateral bending and the other, on the R. F. & P. R. R.,

Ouh'ide Edge of Roil
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<i 10 000

Fig. 66.

—

Observed Values of Stress at Inside Edge and Outside Edge

OF Base of Rail on Straight Track Under the Drivers

OF the Mikado Type Locomotive of the Reading Co.

Inclined Tie Plates.

relatively large. The values include every readable record in all the

runs and all the instruments. On the track of the Reading Co. instru-

ments 41, 42, 43, and 44 are on the left rail and 51, 52, 53, and 54 are

on the right rail, 41 being opposite 51, etc., while on the R. F. & P. R. R.,

these two groups of instruments were placed on the right rail and the

left rail, respectively. It is seen that the lateral bending stresses may
be large or small. The heavier sections may be expected to have lower

lateral bending stresses than the lighter ones, though proportionally they

may not differ greatly.
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The difference between the stress in the outer edge of the base of

rail and the mean stress (average of the stresses in the two edges of the

base of rail) may be taken as the stress due to lateral bending of the

rail and to be indicative of the amount of lateral bending. If it is

positive, the rail is bent outward ; if negative, inward. It is found that

there is a great variation between individual values of these lateral

bending stresses and the average value, and there is need of consideration

of the amount and source of such variation.

If the stress at the outside edge of the base of rail be divided by

the mean stress, the resulting ratio may be used as an indication of the

condition and amount of lateral bending. If this stress ratio is greater
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—

Observed Values of Stress at Inside Edge and Outside Edge

OF Base of Rail on Straight Track Under the Drivers

and Trailer of the Pacific Type Locomotive ok the R.

F. & P. R. R. Flat Tie Plates.

than unity the bending is outward; if less, inward. The range of the

values of this ratio will indicate the variations in lateral bending. It

should be borne in mind, however, that for the heavier rail a given ratio

will mean a relatively smaller lateral bending stress than that in a lighter

rail for the same stress ratio.

In Fig. 68 to 75, values of the stress ratios have been plotted for

both rails, for each instrument, and for each wheel of the locomotives

and cars. Space permits giving diagrams for only a small part of the

work, but the figures will give some knowledge of the ranges in values
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Fig. 69.—Rv\Tio OF Stress at Outside Edge to Mean Stress in Base of

Right Rail on Straight Track. Flat Tie Plates.

Mikado Type Locomotive and Cars. B. & O. R. R.
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Ratio of Stress at Outside Edge to Mean Stress in Base of

Left Rail on Straight Track. Flat Tie Plates. Mikado

Type Locomotive and Cars. Reading Co.
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and the variations that may be expected at different points on the track

and for different runs of the train.

It will be seen that the stress ratio found at a given instrument varies

from run to run. Examples of such variations in the range are from

0.40 to 0.70, 0.65 to 0.90, 0.85 to 1.15, 1.00 to 1.45, 1.20 to 1.30, 0.85 to 1.20.

The range in general is 0.15 or so on each side of the average value at

the given instrument. Sometimes the range is less than this ; occasionally

it is more.

The foregoing ranges are for the same wheels of one locomotive

or one car. Different wheels give different values of the ratio. Different

wheels may give values (averages) at the same instrument varying by

as much as 0.20 but usually not more than 0.10. It was found in the

tests on the C. M. & St. P. Ry. that wheels of one locomotive gave

quite different ratios at a given instrument than did those of another

locomotive.

It was found that the average stress ratio at one instrument may
differ considerably from that at another. While part of this may be

due to instrumental differences, it is evident that the greater part is

due to differences in track conditions and that variations in the rail

support must be expected to produce variations in lateral bending of the

rail from point to point along the rail. Averages for the several instru-

ments on the two locations on the B. & O. R. R. and the two on the

Reading Co. show that the stress ratio may vary more than 20 per cent

from the average of all the instruments at a given location.

The values for points along one rail may differ considerably from

those for the other.

The foregoing discussion relates to the range in values that may be

expected on good track with locomotives and cars in good condition. It

will be best next to consider the average values found under different

conditions.

In Table 15 are given general values of the average ratio of the

stress at the outside to the mean stress in base of rail for the two rails

separately for all the tests for the two speeds used. The values are not

always averages, and values both larger and smaller than those given were

found under individual wheels. The data given by instrument 44 on

the track of the B. & O. R. R. laid with incHned tie plates were not

included in the averages for the left rail, since there was internal evi-

dence that the records were not fully reliable. A study of the data of

all the tests showed that there was a belt of values of the individual ratios

for any wheel that extended about €.20 on each side of the average value

of the ratio, generally with only a few values outside of this belt ; that

is, if the average of all the values under a given wheel was 0.90 the

range of most of the observations would be from 0.70 to 1.10, if the

average were 1.20 the main range was from 1.00 to 1.40. In some test loca-

tions for one rail or both, however, the averages at one instrument varied

considerably from those at the others, the average ratio for the instrument
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being 0.20 away from that of the other instruments, indicating a diflferent

condition of track at these points.

While there is a diversity in the ratios for the different locations for

one rail from the other, and for different instruments, it will be seen

from the table and diagrams that with flat tie plates the ratio of the

stress at the outside edge to mean stress in base of rail is generally greater

than unity and is greater than that found with the inclined tie plates. The
ratio with the inclined tie plate is near unity or below unity. In general,

then, the lateral bending of the rail is outward when laid with flat tie

plates, and inclined tie plates generally give little average bending or a

little inward bending. These values of the stress ratios, however, arc

Table IS

Ratio of the Stress at the Outside Edge to Mean Stress in Base of Rail
on Straight Track

.\ value greater than unity means outward bending: less thanjunity, inward bending.



1200 Stresses in Railroad Track

+.10

+.05

-.05

-.05

+.05

+.10

+./0

+.05

^ -.

-./O

05

^ +.05

\ +./0

I
+./0

+.05\

O

^ -m
% -./o

^ -.05

+.05

+.10

+./0

+.05

O
-05

-./O

-.05

O
+.05

+./0

+./5^

Fig. 76

no QQ oo 00 QQ oo O @@(a)Q o
3. 4f O. R. R..

Loco. 4-62B <Si,Cons

Left Rail

Flat Tie Plates

Right Rail

Lefi Rail

Inclined Tie Plates

RighfRail
-5 m.p.h.

-40 m.p.h.

Reading Co.

Loco, nso icCons

Flat Tie Plates

Left Rail

Right Rait

Left Rail

Inclined Tie Plates

Right Rail

-Tilting Movement of Rail on Straight Track. Mikado Type
Locomotive and Cars. B. & O. R. R. and Reading Co.



Stresses in Railroad Track 1201

5

*.I5

+.10

+.05

-.05

-.10

-.0S\

+.05\

+.10

+.10

+.05

O
-.05

-.10

-.05\

O

^+.05

^ +./0

p: +./0

+.05

-.05\

-./O

-.05\

+.05\

+.10

+.15

-Q_Q Qooo oooQ QO Q @<rXOQ Q
R.r.&P R.R.

Loco. I A Cars

Left Rail

Flat Tie Plafes

Right Rallr--.

- 5m.p.h

-4-Om.p.h

Leff Rail

Inclined Tie Plofea

Right Rail

L. V R R
Loco. 431/ ACars

Inclined Tie Plafes

Left Rail

RighfR^'^

Fig. n.—Tilting i^Iovement of Rail on Straight Track. Pacific Type
Locomotive and Cars. R. F. & P. R. R. Santa Fe Tyi>e

Locomotive and Cars. L. V. R. R.



1202 Stresses in Railroad Track

h./O

-.10

-.05

^.05

-i-./O

+ 10

+05\

-05

-JO

.05

±10

-I-./O

-h.as

a-

-.C6\

as

o
-h.05

i-.io

-I-./O

-tX)5

-.05

-JO

-.05\

O
I-J05

I-./O

•h./S^

Fig. 78.

nn Qooo oooo no o ®©®Q o
B.&.O.R.R.'.

Loco. 4626 &. Cans

Left Rail

Flat Tie Plates

Righi Rail

Left Rail

Inclined Tie Plates

5 m.p.h^

40m.p.h.

Reading Co.

Laca iTSoSo Cars Left Rail

Flat Tie Plates

Righi Rail

Left Rail

Inclined Tie Plates

Right Rail

-Later.vl 2^Iovement of Head of Rail on Str.\ight Track.

Mikado Type Locomotives and Cars. B. & O. R. R. and

Reading Co.



Stresses in Railroad Track 1203

^./5

h.lO

t.05

O
'05

'JO

-.05

5 -"OS

^ *J0

C +.05

1

%, -.0^

t
"$ ^.05\
c

t.05\

-.05

-.10

-.05

i-05\

*.J0

*.I5^

no Qono OQOO on o ®^Q o o
R.IzS P. Q.R.

Loco. I & Cars

Left Ra/r—

Flat Tie Plates

5m.p.h.

40nyxh.

Left Rail

Inclined Tfe Plates

Righf Rail
^

LV. R. R.

LocoAcn & Cars Left Rail/

Inclined He Pkries

Right Rail

Fig. 79.—L.\TER.\L Mo\"EMEXT OF He.\D OF RaIL ON" StR-\IGHT Tr.\CK.

Paofic Type Locomotive and Cars. R. F. & P. R. R.

Santa Fe Type Locomotht and Cars. L. V. R. R.



1204 Stresses in Railroad Track

S nn.p.h. 40 m.p.h.
Left Rail Right Rail Left Rail Righf Rail
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Bearing oi- Wheel on Rail. Straight Track. Inclined Tie

Plates. Mikado Type Locomotive and Cars. B. & O. R. R.



1206 Stresses in Railroad Track

S m.p.h. 40 m.p.h.
Left Rail Right Rail Left Rail Right Rail

Fig. 82.—Bearing of Wheel on Rail. Straight Track. Flat Tie

Plates. Mikado Type Locomotive and Cars. Reading Co.
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Bearing of Wheel on Rail. Straight Track. Inclined Tie

Plates. Mikado Type Locomotive and Cars. Reading Co.
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Bearing of Wheel on Rail. Straight Track. Inclined Tie

PlateSj Santa Fe Type Locomotive and Cars. L. V. R. R.
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wheels passed by and that the head of the rail moved outwardly or

inwardly, and even that the base of the rail had a slight lateral movement

in addition to that due to the lateral bending of the rail already dis-

cussed. Fig. 76 and 11 give the lateral tilting of the rail. The measure-

ments were made at the side of the head a half inch below the top of the

rail and represent in inches the lateral tilting of the rail for the ver-

tical distance of this point above the base, irrespective of the lateral move-

ment of the base. Fig. 78 and 79 give the lateral movement of the same

point on the head of the rail. For both tilting and lateral movement,

outward movement is called positive and inward movement negative.

Outward movement tends to widen the gage and inward move-

ment to narrow it. The general movement of the base of rail may be

found by subtracting algebraically the amount of ihe tilting movement
from that of the movement of the head of the rail. For both movements,

the values given are averages of two to four runs.

It will be seen that the lateral movement of the head is generally

greater than that of the tilting action, the former ranging from say

0.04 to 0.10 in. and the latter from 0.02 to 0.06 in. The movement of the

rail was inward in all cases except the right rail of the R. F. & P. R. R.

laid with flat tie plates, which was 2 in. lower than the left rail, and the

right rail of the same railroad laid with inclined tie plates. The measure-

ments made on the rails in the tests of straight track of the C. M. & St.

P. Ry. showed a general outward movement of the head. It should be

noted that all the tie plates used on the track tested on the eastern

railroads projected farther on the outside of the rail than on the inside,

the eccentricity ranging from 0.15 to 0.50 in.

Although the lateral movement of the rail is small, its presence and

direction is an indication of the tilting of the tie plate due to greater

pressure at one end than at the other, and hence points to conditions

that may be important as affecting track maintenance.

25. Position of Bearing of Wheel on Rail.—As has already been

described, a copper wire laid across the rail was pulled a short distance

between the passage of one wheel and the next and again at the next

interval, the wire flattened by the wheel giving information on the position

of the bearing of the wheel on the rail, the impression left on the wire

by punch marks made on the rail in advance permitting identification of

the position of the wire on the rail. In. Fig. 80 to 84 are plotted results

of tests with the copper wire. The width of the flattened portion at

various points along the length of the impression was measured and the

initial diameter of the wire was subtracted, an arbitrary' procedure ; the

remainder was plotted above the rail in the figures. The plot so made

does not measure the intensities of pressure of wheel on rail, but the

position of the greatest ordinate or perhaps the center of gravity of the

area may be considered to be the point of greatest pressure and the

bearing contact may be expected to extend a short distance on either side

of this point but not to the limit of the area so plotted. The intensity

of pressure will be greatest at th? point f^f greatest ordinate and decrease
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rapidly each way, the width of the bearing being much smaller than repre-

sented in the figure. It should also be noted that an impression shown at

the gage side of the head may mean merely that the flange was close to

the rail; only a considerable width of the area is indicative of flange

pressure.

For the test location of the B. & O. R. R. with inclined tie plates

(cant of rail 1 in 15 and 1 in 17) the center of pressure between wheel

and rail for both locomotive and cars was at or near the middle of

the head of the rail. The brightness was spread well over the full width

of the head of the rail. With the flat tie plates (rails canted inwardly

about 1 in 60) the center of bearing for both locomotive and cars was
on an average about 0.6 in. away from the middle of the head and toward
the gage side. As this rail had been on flat tie plates only a few days,

the position of the bright spot is not significant.

On the track of the Reading Co. with inclined tie plates (cant of

rail about 1 in 17 and 1 in 16) the center of bearing was slightly outside

the middle of the head. On this stretch of track the rails were worn
bright from the gage side nearly to the outer edge of the top of the rail.

With the flat tie plates (rail almost vertical) the bearing is seen to be

well inside the middle of the head of the rail. On this stretch the rails

were worn bright from a point near the gage side of the head about two-

thirds the way across the head.

On the L. V. R. R. with inclined tie plates (cant of rail 1 in 18)

the center of bearing while variable under the various wheels of the

locomotive and cars has an average position slightly inside of the middle

of the head. It should be noted that the rails on this track had been

worn down considerably, as shown by Fig. 84.

On the R. F. & P. R. R. with inclined tie plates (cant of rail 1 in 18)

the center of bearing on the right rail was somewhat inside of the middle

of the head. No impressions were taken on the left rail, but it showed
bright wear over all the head. With the flat tie plates (rail vertical) the

center of bearing on the left rail was found to be somewhat inside the

middle of the head, about 0.3 in. The right rail (canted 1 in 30 outwardly

and 2 in. lower than the left rail) was bright from the gage side to a

point not as far as the middle of the head. The rails on this stretch

were worn down somewhat more than those of the B. & O. R. R. and

Reading Co.

In one column of Table 16 are given more accurately the estimated

average position of the center of the wheel bearings for the several test

locations. The values were taken mainly from the averages of the impres-

sions of copper wire when available and otherwise from the appearance

of the rail and other observations. The values are given in inches, the

positive direction being inward from the middle of the head of the rail.

26. Discussion of Canting Rail and of Unsymmetrical Tie Plates

on Straight Track.—In discussing the tests a distinction should be

made between the purpose and effect of canting the rail and of using un-
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symmetrical tie plates. It will be evident that the two give separate and

apparently not closely related effects.

A study of the results shows that for the rails laid on inclined tie

plates the averages of the ratios of stress in outer edge to mean stress in

base of rail are either close to unity or less than unity, and that the

averages of the ratios for the rails laid with flat tie plates is greater

than unity and greater than those found in rails laid with the inclined tie

plates. In other words, the lateral bending of the rail canted inwardly of

Table 16

Center of Wheel Bearing, Eccentricity of Tie Plate, Cant of Rail, Nominal
Eccentricity, and Slope of Nominal Resultant on Straight Track

The values are given in inches, the positive direction being inward
from the middle of the head of rail. The position of the center of wheel
bearing was estimated from the impressions of copper wire for the
wheels of locomotives and cars when available and otherwise from the
appearance of the rail and other observations. The nominal eccentricity

is the horizontal distance from the middle of the length of the tie plate to

a vertical line drawn through the center of the wheel bearing (see Fig.

85). The so-called nominal resultant is assumed to be acting along a

line joining the center of wheel bearing and the middle of the tie plate, and
the slope given is that between this line and the vertical (tangent of the

angle).

Location
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The distribution of brightness and of the wear over the head of the

rail on the track tested covered^ a greater width of the head for the

canted rail than for the vertical rail.

The actual cant of the rail as measured in the track diflfered from

that indicated by the design of the tie plates, whether they were flat or

inclined. This variation in the position of the rail may be expected to be

attributable to other sources than the inclination of the tie plate itself

—

probably, as will be seen, to the amount of eccentricity of the tie plate.

So far as the data of the tests are conclusive, an inward inclination

of the tie plate of 1 in 20 is efifective on straight track in reducing the

average value of the lateral bending stresses in the rail and in securing

bearing on the rail that is fairly near central.

There is no evidence that the canting of the rail has an effect on the

general lateral movement of the rail or on changes in gage, either narrow-

ing or widening, except possibly as a slightly greater eccentricity of tie

plate may be needed in the case of the inclined tie plate to prevent out-

ward tilting of the rail.

It should be remembered that the average lateral bending stresses

referred to as being small when the rail is canted 1 in 20 and as being

greater when the rail is vertical are the averages of a number of runs.

Whether the rail is canted or not there will still be the variation on either

side of the average. If the average ratio of stress at outside edge to

mean stress in base of rail is 1.00, there will still be a belt of values rang-

ing from as much as a 20 per cent greater stress at the outside edge to a

20 per cent greater stress at the inside edge, with many occasional values

as great as 30 per cent more and less than the average, and some even

greater variations. If the average ratio with a flat tie plate were 1.10,

the corresponding upper range would reach to actress at the outside edge

of base of rail 30 per cent greater than the mean stress for the ordinary

upper limit with other still greater additional stresses. Even if the aver-

age lateral bending stress is small, it is seen that there will still be need

for adequate lateral strength and stiffness in the rail. The use of tie

plates with the proper inclination will not remedy this situation.

Independently of the lateral bending of the rail just considered, as

the load passes by there is a tilting of the rail inwardly or outwardly

due to the greater bearing pressure on the tie under the tie plate at one

side of the rail or the other than on the other side and the consequent

greater depression of the tie plate at that end. If the load were applied

to the middle of the head and were vertical the design of the tie plates

should be symmetrical with respect to the rail. When the resultant force

applied to the rail is inclined outwardly of the track, the use of a sym-

metrical tie plate may result in an outward tilting of the rail and a wide-

ning of the gage. The use of an unsymmetrical tie plate having the

greater projection on the outside of the rail will tend to correct this con-

dition. Too great an eccentricity in the tie plate will result in an inward

tilting of the rail. The modulus of elasticity of the wood of the tie when
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compressed across the grain is small in comparison with that lengthwise of

the grain, say one-fiftieth part, if the detrusion of the tie plate due to bear-

ing pressure is included. As a result, small differences in the distribution of

pressure along the tie plate will throw it out of level and result in a tilting

of the rail and finally a permanent depression of one end of the tie plate

and a cutting of the tie. What eccentricity of tie plate will be most satis-

factory is a matter to be determined by experience. The observations

made on the tilting of the rail in the tests, however, may be of service in

judging of what may be considered a proper value.

For the tests on all four railroads with both flat tie plates and inclined

tie plates, the tilting of the rail as the load passed by (see Fig. 76 and 11

and discussion) was inward in all cases except for the low rail of the

R. F. & P. R. R. laid with flat tie plates having J4 in. eccentricity, which

was found to have an outward cant of 1 in 30 and which tilted outwardly

130 -lb. R.E.Rail
B.ScO.R.R.

Nominal Resultant

•Slope .15

Flat Tie Plate

Nominal Rzsultant

61ope .12

Slope 1:20

Inclined Tie Plate

Fig. 85.

—

Position of Nominal Resultant with Flat and Inclined Tie

Plates

under load due in all probability to the lateral component developed by

the transverse inclination of the track. Almost without exception on all

the track the inward inclination of the rail from the vertical was greater

than that due to the form of the tie plate. It would seem then that the

increase in the cant of the rail is due to continued tilting under the

passage of trains and uneven pressure on the tie. The tests made here-

tofore on track with symmetrical tie plates and without tie plates have

shown a slight outward movement of the rail, and it is common experi-

ence that the gage on such track generally widens.

It will be well also to study the position of the center of the tie

plate with respect to that of the bearing of the wheel on the rail. To
bring out the position of the forces acting Fig. 85 has been prepared,

which shows the section of the 130-lb. rail of the B. & O. R. R. with

the flat tie plate and the inclined tie plate.
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The eccentricity of the tie plate in both cases (distance from the

center of the rail to the center of the plate) is 0.5 in. The inclination of

the inclined plate is 1 in 20. If the vertical force is applied to the head

of the rail at a point 0.6 in. inside of the middle of the head in the case

of the vertical rail and at the middle of the head of the canted rail, and

if the amount of the lateral force in each case is such that the resultant

passes through the center of the tie plate, the real eccentricity of the

force for the two cases would be 1.10 and 0.86 in., respectively, and the

slope of the resultant (tangent of the angle with the vertical) 0.15 and

0.12, respectively, or 1 horizontal to 6.8 and 8.4 vertical. Such slopes are

greater than would be expected from the values of the average lateral

bending stresses in any of the tests so far found. It would appear then

that the resultant would fall inside of the center of the tie plate in such

cases.

Table 16 gives information on the test track from which the possible

eccentricity of the resultant force may be studied. Fig. 85 will help in

understanding the terms used. The center of the wheel bearing with

respect to the middle of the head of the rail as judged from the impres-

sions of copper wire and the wear and brightness of the rail, the eccen-

tricity of the tie plate (distance from the center of base of rail to the

midpoint of the tie plate), and the eccentricity due to cant of rail are

given. The position of the resultant of the gravity load and the lateral

force on the rail will be unknown. A force passing through the center

of the wheel bearing and the midpoint of the tie plate will be called the

nominal resultant. This nominal resultant will give equilibrium only in

case the average lateral force acting upon the rail is of such magnitude

as to make the resultant pass through the midpoint of the tie plate. If

the nominal resultant were the actual resultant, the pressure on the tie

plate would be uniformly distributed over it. The slope of this nominal

resultant and the corresponding nominal eccentricity of such a line are

given in the table. A study of the eccentricities and the tilting of the

rail under load may throw light on the position of the actual resultant.

In comparing the nominal eccentricity given in Table 16 it should be

remembered that the flat tie plate on the B. & O. R. R. had only recently

been laid and, therefore, that no change in cant had occurred with these

tie plates ; no direct conclusion can be drawn concerning the nominal

eccentricity 1.22 in., except as may be judged from the tilt of the rail

under load. The rail on the test track on the L. V. R. R. was consid-

erably worn and, therefore, the increase in cant in that rail may not have

been caused by conditions existing at the time of the test. As the track

of the R. F. & P. R. R. laid with flat tie plates has one rail two inches

lower than the other the cant of the two rails must have been influenced

by the transverse inclination of the track. However, it is seen that in

nearly every case the cant of the rail inward had been increased by the

traffic from that at which presumably it was laid.
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From the data available it may be concluded that for both flat tie

plates and inclined tie plates the tie plates should be unsymmetrical. It

may be concluded also that with the rails and tie plates used an eccen-

tricity of 0.5 in. is too great. Possibly % in. may be nearer the proper

amount. It would seem better to state the eccentricity of the combina-

tion in terms of the position of the wheel bearing, the cant of the rail

and the eccentricity of the tie plate itself. For the size of rail and tie plate

used in the track tested, it may be judged that .75 in. is a proper value

for the nominal eccentricity. With the 130-lb. rail this is about 1/10 of

the height of the rail and tie plate. With a cant of 1 in 20 and a central

wheel bearing on the rail, an eccentricity of tie plate of ^ to 5^ in.

would result. Whether this eccentricity of tie plate will give proper

conditions may best be told by experience.

The position of the resultant of the gravity load and the lateral force

referred to has been assumed to be that for the average of a number of

applications of load. Due to variations in the lateral pressure on the

rail, it will be seen that individual runs will develop resultants intersect-

ing the bottom of the tie plate at one side of the average position or the

other. Such positions of the resultant will give uneven distributions of

bearing pressure between tie plate and tie, a higher intensity of pressure

at one edge and a lower pressure at the other. The increase in intensity

will depend not only on the position of the resultant, but also on the

length of the tie plate. As an illustration of change in intensity, consider

that the main belt of ratios of stress at edge to mean stress in base of

rail (discussed in "23. Lateral Bending Stresses in Straight Track and

Ratios of Stress at Outside Edge to Mean Stress in Base of Rail")

extends 0.30 on each side of the average ratio. Assuming that the lateral

force producing the lateral bending bears the same relation to the vertical

load as the lateral bending moment bears to the vertical bending moment
developed at the point (an assumption that seems fairly reasonable even

though no conclusive information is available), and considering that the

section modulus
I
—

I of the rail about the vertical axis is one-fifth that

.
l^i

. .

about the horizontal axis, it is found that the addition of 0.30 to the

stress ratio means an addition to the lateral force on the rail equal to

0.06 of the vertical force. This means for the rail and tie plate shown

in Fig. 85 that the resultant will intersect the bottom of the tie plate

0.06 times 7^/2 in., a distance of say 0.45 in. from the average position.

Assuming that the average position of the resultant passes through the

middle of the length of the plate and that the plate is 11 in. long, the

.45

relative eccentricity of the plate is . Using equation (34), it is seen

11

that the intensity of stress at the edge is about 25 per cent greater or

less than the average pressure on the tie. A longer plate will give a

smaller variation from the average and a shorter one a greater. Whether
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such a variation is or is not excessive will depend, of course, on whether

the average bearing pressure is sufficiently small for the kind of wood in

the tie.

Both the matter of low average pressure of plate on tie and that of

a sufficiently small variation in intensity of pressure for the more extreme

variations in lateral forces against the rail bring emphasis to the need of

adequate length of tie plates. It is apparent that the position of the

resultant at the tie is a function of the height of the rail and thickness

of tie plate, and granted a sufficiently large bearing area, the desirable

length of tie plate may be considered a function of this total height. The
dimension 11 in. is about one and one-half times the height of rail and

thickness of tie plate. Whether this tie plate is sufficiently long for the

loads carried is a matter for experience to determine, but it is evident

that long tie plates and large bearing areas have important advantages.

To recapitulate the discussion of the tests on straight track

:

The rails laid with an inward cant of 1 in 20 or thereabouts in gen-

eral show a smaller average lateral bending than those laid in a vertical

position. The canted rail on all the railroads shows a bearing between

wheel and rail for both locomotive and cars that is close to the middle

of the head of the rail, while with the vertical rail the bearing is well on
the inside, about 0.5 in. from the middle of the head. The distribution

of brightness and of wear extends over a greater width of the head for

the canted rail than for the vertical rail. The results indicate an advan-

tage in canting the rail by giving a more nearly central bearing and a

better distribution of wear on the rail and in reducing the average lateral

bending stresses in the rail. The indications from the tests are that an

inward cant of 1 in 20 is effective and better than a smaller one.

In this connection it should be noted that the standard coning of the

wheels of the locomotive and cars is 1 in 20 except for the B. & O. R. R.

for which 1 in 13 is standard. In considering the results on the B. & O.

R. R. it should be borne in mind that the average cant of the rails on
the test sections of the straight track averaged 1 in 16.

While the inward canting of the rail reduces the average of the

lateral bending stresses, it has no apparent effect on the variation in the

lateral bending stresses. There will still be lateral bending stresses rang-

ing up to 20 and 30 per cent of the vertical bending stress, with occa-

sional values still greater, the stress in an edge of the base of the rail

being increased to this extent over the mean stress in base of rail. The
need for adequate lateral strength and stiffness in the rail still remains.

The position of the wheel bearing on the vertical rail, and that on
the canted rail together with the cant of the rail, indicate that in both

cases the resultant of the vertical and lateral forces on the average slope

away from the vertical. The general inward tilting of the rail in the

tests is evidence that for both the flat tie plates and the inclined tie plates

used the eccentricity of the tie plates (generally 0.5 in.) is too great,

making, as it does, with the eccentricity of bearing on the vertical rail or
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the cant of the canted rail a total eccentricity of 0.85 to 1.20 in. on the

130-lb. rail. A slope of 1 in 10 from the center of bearing of wheel on

rail to the midpoint of the base of the tie plate, or a little less, would

appear a satisfactory value to be tested out by experience.

Variations in the lateral force applied to the rail will result in vari-

able intensities of bearing pressure on the tie, which may be decreased

by increasing the length of the tie plate. Granting sufficient tie bearing

area, the length of the tie plate may well be expressed in terms of the

height of rail and thickness of tie plate. The length of the tie plates

used with the 130-lb. rail was about one and one-half times the vertical

dimension referred to. Adequacy of bearing areas and of length of

plate are very important matters.

27. Stresses in Rail on Curved Track.—In. Fig. 86 to 90 are

plotted the stresses found at the inside edge and outside edge of the base

of the outer rail and the inner rail under the wheels of the locomotive

and loaded freight cars on the two 7° curves of the B. & O. R. R., the

10° curve of the L. V. R. R., and the 2j^° and the 5° curves of the R. F.

& P. R. R. The stresses given are average values for say ten runs with

a possible of forty readable observations at each edge of each rail. The
observations were so distributed through the revolution of the drivers

that the effect of counterbalance was entirely masked. An effect of coun-

terbalance may be expected, of course, which will give an increased stress

at certain points in the revolution of the driver.

On the 7° curve of the B. & O. R. R. laid with flat tie plates, it is

seen from Fig. 86 that the highest stress in the outer rail under the

wheels of the Mikado type locomotive at 5 miles per hour is 12,000 lb.

per sq. in., found in the outside edge under the front truck wheel and

10,000 lb. per sq. in. under the first driver and trailer. For the inner

rail (Fig. 86) the highest stress is 23,000 lb. per sq. in. at the outside

edge under the third driver, with 4500 lb. per sq. in. at the inside edge.

At 40 miles per hour the stresses in the outer rail have increased some-

what and that in the inner rail under the third driver has dropped to

12,000 lb. per sq. in., a marked change. For the cars Cwheel loads aver-

aging about 18,000 lb.), the highest stresses in the outer rail ran to 11,000

lb. per sq. in. at the outside edge of the outer rail at 40 miles per hour

and to 12,500 lb. per sq. in. at the outside edge of the inner rail at 5

miles per hour.

On the 7° curve of the B. & O. R. R. laid with inclined tie plates

Csee Fig. 87), the greatest stress in the outer rail at 5 miles per

hour was 9500 lb. per sq. in. at the outside edge under the front truck

wheel and 11,000 lb. per sq. in. under the first driver, and at 40 miles per

hour 12,500 lb. per sq. in. under the first and fourth drivers. In the inner

rail the stresses under the first, second and third drivers at 5 miles per

hour were 17,500 lb. per sq. in. at the outside edge, decreasing to 14,000

lb. per sq. in. or less at 40 miles per hour. For the loaded cars the

greater stresses in the outer rail ranged from 7000 to 9000 lb. per sq. in.
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Stresses in Railroad Track 1219

30000

20000

lOOOO

•- -10000

r

^^ihP^#7Wr7ltfMa#

.C

200OD

lOOOO

o

SLD. Q o oo QQ QQ o o O (*)P)ffl(7) n
Outer Rail of 7" Cun^e

_ Loco. 4S3S &u Cans
Ida R.E. Rail

5 m.p.h.

Inside Outside

_£^dge Edge _
4-0 m.p.h

i)MtfvW7iM
Q -lOOOO

•^ 3OO0O, QQ QQ QQ QQ QQ QQ Q 0<2>@Q

20000

^ 10,000\ki

I5 -10000

20000

J0000

o

-10000

iMtfrWiff^
Inner Rail of 7° Curye

5 mph.

40m.p.h.

#,iiW , I'.iMl'ffin
Fig. 87.

—

Stress at the Inside and Outside Edges of Base of Outer
AND Inner Rails of the 7° Curve with Inclined Tie

Plates. Mikado Type Locomotive and Cars. B. & O. R. R.



1220 Stresses in Railroad Track

.c

4000O

30000

2O0OO

lOOOO

O

-/OOOO

/OOOO

Ou^er RaiJ of" /0° Cur^e
Loco. 4-011 & Cars
136 L. \/. Rail

•g -/OOOO

sin onoo OOOO oo o ®(^)^^?Xg)(A) o

Inside Ocdside

Edge Edge

-I I 5 m.p.k

^^i^^^^^^^^^^^^^^1 ^ i| fTfMTI I

#vtWUWWtt#ite

•35 m.p.h.

Inner Rail of 10° Cun^e

\ _
•^

40000^ 00 QO OO Q Q OQ O @(A)(^^)@0 O

^ 30000

ig 2OO0O

/OOOO

O

-/OOOO

/OOOO

O

-/OOOO

^^^^^r:M^^^

5 rQ.p.h.

U -Liii-ifl- i| vii 4! 4! ^ 1 iJ U II ll 1 Uw IX

35 m.p.h.

ilMltf-^ftWrnlfr
Fig. 88.

—
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at 40 miles per hour and in the inner rail up to 10,000 lb. per sq. in. at

5 miles per hour. It is seen that the values of the higher stresses were

noticeably greater in both rails when laid with flat tie plates than when

laid with inclined tie plates.

On the 10° curve of the L. V. R. R., laid with inclined tie plates,

(see Fig. 88), the greatest stresses in the outer rail under the wheels of

the Santa Fe type locomotive ran to 16,000 lb. per sq. in. at 5 miles per

hour and to 19,000 lb. per sq. in. at 35 miles per hour, with considerable

variation for the different drivers. In the inner rail the greatest stress

was 31,500 lb. per sq. in. at the outside edge under the fourth driver at 5

miles per hour, with 12,000 lb. per sq. in. at the inside edge. These

stresses indicate not only high lateral bending force at this driver, but

show, that the vertical load transmitted by this driver under the condition

was far greater than the nominal load, a result that agrees with tests

given in the third progress report. At the speed of 5 miles per hour, the

head of the inner rail moved outwardly under the fourth driver 0.21 in.,

a considerable movement for so stiff a rail, especially as it occurred in a

short length. At 35 miles per hour the stresses under this driver decreased

to 12,000 and 7000 lb. per sq. in. at the two edges of the rail, and there

seemed to be less difficulty in its traversing the curve. The worn section

of the inner rail probably contributed to the increase in mean stress in

base of rail by perhaps 5 per cent, but the effect on lateral bending was,

of course, much smaller. The loaded cars (24,000 lb. wheel load) gave

stresses in the outside edge of the outer rail up to 8000 lb. per sq. in. at

5 miles per hour and to 12,000 lb. per sq. in. at 35 miles per hour, with a

stress of 16,500 lb. per sq. in. under one wheel, the stresses being gen-

erally higher under the first wheel of a truck. In the inner rail, the

stress at the outside edge was generally the higher, and ranged to 12,500

lb. per sq. in. at 5 miles per hour and to 10,000 and 11,000 lb. per sq. in.

at 35 miles per hour. In making comparison it should be borne in mind
that the wheel load of these cars was 33 per cent greater than those used

on the B. & O. R. R.

On the 214° curve of the R. F. & P. R. R., laid with flat tie plates

(see Fig. 89), the stresses in the outer rail under the wheels of the loco-

motive and cars at 5 miles per hour are less than on straight track,

becoming a little greater at 40 miles per hour. In the inner rail the

stresses at the outside edge under the drivers range from 17,000 to 22,000

lb. per sq. in., becoming less at 40 miles per hour. For the loaded cars

the stresses in the inner rail are considerably higher than on straight

track. This rail was canted outwardly, presumably by the action of traffic.

On the 5° curve of the R. F. & P. R. R., laid with inclined tie plates

(see Fig. 90), the stresses in the outer rail were highest at the inside

edge under the second and third drivers, 12,(X)0 lb. per sq. in. at 5 miles

per hour, and 15,500 and 16,500 lb. per sq. in., respectively, at 40 miles

per hour. In the inner rail the stress at outside edge under the first

driver at 5 miles per hour was 17,000 lb. per sq. in., a smaller value than
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that found on the 2J^° curve; it became somewhat less at 40 miles per

hour. For the cars (wheel load of 25,000 lb.) the greatest stress in the

outer rail was less than 10,000 lb. per sq. in. at 5 miles per hour and ran

to 16,500 lb. per sq. in, at 40 miles per hour, the latter being as high a

stress as was found under the wheels of the locomotive. In the inner rail

the stress under the cars ran to 17,000 lb. per sq. in. at the outside edge

at 5 miles per hour and to 13,000 lb. per sq. in. at 40 miles per hour, the

greatest stress usually being under the first wheel of the truck.

Above and below the average stress at each edge of the base of rail

here reported, there was the same range or belt of stresses as have been

described in other tests.

28. Vertical Bending Stresses on Curved Track.—As before, the

mean stress in base of rail is taken as the vertical bending stress, or

better the stress in a line normal to the transverse inclination of the

track. For the different speeds and the different cants the mean stress
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Vertical and Lateral Bending Stresses in Base of Rails of

THE 7° Curve with Flat Tie Plates. Mikado Type

Locomotive and Cars. B. Sr O. R. R.

may not represent the normal bending stress exactly, but usually for the

conditions of the tests it will not differ more than 1 per cent from the

correct results. The vertical bending stresses (the averages for all the

runs) for the five curves are recorded in Fig. 91 to 95. For convenience

the curves are shown as curving to the right, although all but the 2>4°

curve to the left with respect to the direction of the runs.

On the 7° curve of the B. & O. R. R. laid with flat tie plates, the

highest vertical bending stress in the outer rail is under the first driver of
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the Mikado type locomotive, 10,000 lb. per sq. in. at 40 miles per hour ; in

the inner rail the highest stresses at 5 miles per hour are 13,600 lb. per

sq. in. under the third driver and 13,200 lb. per sq. in. under the trailer,

and at 40 miles per hour 11,000 and 12,200 lb. per sq. in. under the same

wheels. The stresses in the inner rail at 5 miles per hour do not give

evidence of highly uneven distribution of load among the drivers at low

speeds as has been reported in previous tests. The loaded cars (wheel

loads of 18,000 lb.) gave vertical bending stresses in the outer rail as

great as 6800 lb. per sq. in. at 5 miles per hour and 8400 lb. per sq. in. at

40 miles per hour, and in the inner rail values as great as 9200 lb. per sq.

in. at 5 miles per hour and 9600 lb. per sq. in. at 40 miles per hour.

On the 7° curve of the B. & O. R. R. with inclined tie plates, the

vertical bending stresses in the outer rail ran to 10,200 lb. per sq. in.

under the first and fourth drivers at 40 miles per hour, and in the inner

rail from 9800 to 12,800 under the drivers at 5 miles per hour, and 13,800

lb. per sq. in. under the trailer. Here again there was no large concen-

tration of load by one driver on the inner rail. The loaded cars devel-

oped 6800 lb. per sq. in. in the outer rail at 5 miles per hour and 7200

lb. per sq. in. at 40 miles per hour; in the inner rail 8600 lb. per sq. in.

at 5 miles per hour and 9000 at 40 miles per hour. These values do not

differ greatly from those found on the 7° curve laid with flat tie plates.

It was also found that the average of the vertical bending stresses in

the two rails under all the drivers was no greater than the corresponding

average on straight track.

On the 10° curve of the L. V. R. R., laid with inclined tie plates, the

highest vertical bending stress in the outer rail at 35 miles per hour was

12,400 lb. per sq. in. under the trailer of the Santa Fe type locomotive,

and 11,000 lb. per sq. in. under the front truck wheel and the first and

fifth drivers. In the inner rail the greatest stress was 21,500 lb. per sq.

in. under the fourth driver at 5 miles per hour (accompanied by a stress

of 1900 lb. per sq. in. in the outer rail), showing a severe concentration

of load on this inner driver, which must result in injury to the inner rail,

results which have been found elsewhere with this type of locomotive

when the third driver was flangeless. At the speed of 35 miles an hour

the stress in the inner rail under the fourth driver decreased to 9500 lb.

per sq. in. For the loaded cars the stress in the outer rail ran to 10,600

lb. per sq. in. at 35 miles per hour and that in the inner rail to 10,100 lb.

per sq. in. at 5 miles per hour.

On the 2'/$° curve of the R. F. & P. R. R., laid with flat tie plates,

the higher vertical bending stresses in the outer rail at 5 miles per hour

were 13,000 lb. per sq. in. under the wheels of the locomotive and 11,000

lb. per sq. in. under the cars. In the inner rail, at the same speed, the

greatest stress was 14,800 lb. per sq. in. under the locomotive and 14,300

lb. per sq. in. under the cars. Little change in stress in the inner rail

with change in speed was found under locomotive or cars, but an increase

with increase in speed was found in the outer rail.
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On the 5° curve of the R. F. & P. R. R., laid with inclined tie plates

the vertical bending stress in the outer rail under the drivers of the loco-

motive ran to 15,000 lb. per sq. in. at 40 miles per hour and in the inner

rail to 14,500 lb. per sq. in at both speeds. For the cars the stress in the

outer rail was 9,400 to 13,600 lb. per sq. in at 40 miles per hour and in

the inner rail 9,200 to 11,600 lb. per sq. in. at 5 miles per hour. The

stresses found in the 5° curve were not greater than those in the 2^°

curve.

29. Lateral Bending Stresses on Curved Track.—In Fig. 91 to

95 are recorded the average values of the lateral bending stresses in base

of rail under each wheel of the locomotive and cars for the five curves at

the two speeds. The lateral bending stress given is the difference between

the stress at the outside edge and the mean stress in base of rail (half of

the difference between the stresses measured at the two edges). When
the positive sign is used, the stress tends to increase the curvature of the

rail ; when negative, it tends to straighten the rail. A positive bending in

the outer rail indicates a tendency to deflect outwardly; in the inner rail,

to deflect inwardly of the track. This flexural action exists in addition

to any general outward or inward movement of the rail that may occur.

In the two 7° curves of the B. & O. R. R. it is seen from the posi-

tive stresses in the outer rail under the front truck wheel and first

driver that the guiding force making the Mikado type locomotive traverse

the curve is applied to the outer rail by these two wheels. A lateral pull

on the inner rail is also exerted by the inner wheel of the front truck.

The first outer wheel of a truck of the tender and cars also gives positive

bending in the outer rail. In the inner rail, except under the wheel of

the front truck, the bending almost without exception is negative. The

lateral bending stress in the outer rail under the front truck wheel and

first driver at a speed of 40 miles per hour, developed by the guiding

action, was 4000 lb. per sq. in. in the 7° curve laid with flat tie plates and

less than 3000 lb. per sq, in. in the curve laid with inclined tie plates, which

are relatively small lateral bending stresses. The outward thrust of the

drivers on the inner rail develops lateral bending stresses of 5000 and

9000 lb. per sq. in. in the track laid with flat tie plates and 5000 lb.

per sq. in. in that laid with inclined tie plates. For both outer and inner

rail the lateral bending stresses under the wheels of the cars are less

in the track laid with inclined tie plates than in that laid with flat tie

plates. It is seen that, with all other conditions the same, the lateral

bending stresses in both rails were smaller for the locomotive and

cars on the curve with rail canted. Except for one driver on one

curve, the lateral bending stresses were well distributed among the

wheels, and the train traversed the curve seemingly without difficulty.

The lateral bending stresses in the outer rail of the 10° curve of the

L. V. R. R. under the front truck wheel and first driver of the Santa

Fe type locomotive at 35 miles per hour were 7200 and 7800 lb. per

sq. in., respectively, values which are about two-thirds of the corre-
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spending vertical bending stress. At these wheels the head of the

rail moved outward 0.12 in. at the speed of 35 miles per hour. In the

inner rail under the fourth driver at a speed of 5 miles per hour a

high lateral bending stress was found, a characteristic of this type of

locomotive when the third driver is flangeless, 9700 lb. per sq. in.,

tending to straighten the rail and indicating a strong outward push

on the rail at this point, the rail moving outward 0.2 in. This lateral

bending stress was nearly half as much as the extremely high vertical

bending stress found under this driver. At 35 miles per hour the

lateral bending stress was only 2300 lb. per sq. in., about one-fourth

of the vertical bending stress found at this speed. The lateral bending

stresses in the outer rail under the first wheel of a truck of the tender

and cars indicate that these wheels guide the truck around the curve.

There is considerable variation in the lateral bending stresses under

these wheels, the range being from 2000 to 5700 lb. per sq. in. at 35

miles per hour, all being high with respect to the vertical bending

stresses at the same points. The lateral bending stresses in the inner

rail were low at both speeds and generally indicated negative bending.

No comparison of lateral bending stresses with rail laid with flat tie

plates can be made.

On the 2i/^° curve of the R. F. & P. R. R., laid with flat tie plates,

the outer truck wheels give positive bending at both speeds, as does

also the first driver of the Pacific type locomotive at 40 miles per

hour, the lateral bending stresses being under 4000 lb. per sq. in. In

the inner rail, there is a lateral bending stress of 7800 lb. per sq. in.

under the main driver at 5 miles per hour, more than half as great

as the vertical bending stress. Although the stress is decreased to

3300 lb. per sq. in. at 40 miles per hour, it is evident that this wheel

exercises a strong outward pressure against the inner rail and thus

may have some influence in producing the outward canting of this rail.

Under the cars the lateral bending stresses in outer rail are small,

but there are indications that the trucks were tending to run obliquely

toward the inner rail. The lateral bending in the inner rail under

the cars is inward, but the stresses under the front wheel of a truck

are high at 5 miles per hour, reaching 5000 lb. per sq. in. ; at 40 miles

per hour the stresses at these points are small, but the values are

larger than the corresponding ones in the outer rail. Doubtless part

of this was due to the condition of the track at the inner rail.

On the 5° curve of the R. F. & P. R. R., laid with inclined tie

plates, the outward lateral bending in the outer rail was under the

front truck wheels, and evidently these wheels gave the guiding action.

The lateral bending stresses were 3500 and 4600 lb. per sq. in., respec-

tively, at 40 miles per hour. The lateral bending stress in the inner

rail under the middle driver is very small. The lateral bending stresses

in the outer rail under the tender and cars are greater for the first

wheel of each truck, usually about 2500 lb. per sq. in., at 40 miles per
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hour. The lateral bending stresses in the inner rail at 5 miles per

hour were relatively high, ranging to 6000 lb. per sq. in. under the

first wheels of a truck. At 40 miles per hour the corresponding stresses

were about half as much.

In Fig. 96 are plotted the values of the lateral bending moments
developed in the outer and inner rail at and between wheels on the

two 7° curves of the B. & O. R. R. The values were calculated from

I'M
the average lateral bending stresses and the section modulus |

— of the

^ ^ J

rail about a vertical axis. They represent the tendency of the wheels

of the Mikado type locomotive and cars to give lateral distortion to

the rail and track.
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—

Lateral Bending Moments in Outer and Inner Rails of the
7° CtJRVES. Mikado Type Locomotive and Cars. B. & O. R. R.

In Fig. 97 the individual lateral bending stresses at the several

instruments are plotted for a speed of 40 miles per hour for the runs

on the 7° curve of the B. & O. R. R. laid with inclined tie plates,

values under the wheels of the locomotive and of the first car being

shown. It is seen that there is a range of values for each instrument,

one point on the track giving different values from another, yet the

variation being much the same for different instruments and different

wheels. The individual drivers give quite different results. It is evident
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Observed Values of Lateral Bending Stress in Base of Rails

OF the 7° Curve with Inclined Tie Plates. Mikado
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that different runs give different results, and that the variation in

values is due both to differences in the action of the train and to

difference in the track from point to point.

30. Movement of the Rail on Curved Track.—In Fig. 98 are given

the measurements of tilting of the rail on the two 7° curves of the

B. & O. R. R. under the action of the locomotive and cars, and also

those on the 10° curve of the L. V. R. R. and the 5° curve of the

R. F. & P. R. R., the tilting of the head of the rail with respect to
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Tilting Movement of Rails on Curved Track. B. & O. R. R.,

L. V. R. R. AND R. F. & P. R. R.
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the base being measured as already described for the tests on straight

track. The values given are the averages of two or three runs at the

same point.

It is seen that the outer rail tilts outwardly very little under the

wheel of the locomotive that guides the driver group. It is also seen

that the inner rail generally tilts outwardly under one or more of the

intermediate drivers. In general, for the other wheels of the locomo-

tive and the wheels of the tender and cars, not only for the wheels

shown in the figures, but also for the other tests, both the outer rail

and the inner rail tilt inwardly, the inward tilting being about the same

in the outer rail for both speeds and greater in the inner rail at the

higher speed. The tilting movement is usually under .05 in., but ranges

up to .10 in. The nature and amount of the tilting on two 1° curves

of the Reading Co., on which measurements of movement of rail were

taken, one laid with flat tie plates and one with inclined tie plates,

were much the same as for other curves referred to, the action under

the locomotive wheels being typical of the movement on curves.

There were some exceptions to statements just made. The inner rail

of the 10° curve of the L. V. R. R. generally tilted outwardly, markedly

so under the drivers of the locomotive. It will be recalled that this

inner rail was a worn rail relaid from the outer rail of the curve.

The outer rail of the 2^° curve of the R. F. & P. R. R. tilted

outwardly under both the locomotive and cars, and the tilt of the inner

rail under the tender and cars was slight, sometimes inwardly and some-

times outwardly. Likewise, the tilt of the inner rail of the 5° curve

of the R. F. & P. R. R. was slight and variable in direction.

In Fig. 99 are given the measurements of the lateral movement

of the head of the rail for the same four curves. An outward movement

of the outer rail under the wheels which act to guide the driver group

is shown, and generally an inward movement under the other wheels.

For the inner rail the movement is generally inward, except for the

intermediate drivers, which usually give an outward movement. The

amount of the lateral movement of the head of the inner rail ranges

from —0.15 in. to +0.20 in. The highest lateral movement of the

inner rail occurred under the fourth driver of the Santa Fe type loco-

motive, a movement that took place almost entirely between the third

and fifth drivers. On the two curves of the R. F. & P. R. R., the

head of the inner rail moved outwardly 0.10 in. or more under the

first and second drivers of the Pacific type locomotive. It will be noted

that the lateral movement of the rail on all these curves was considerably

less than was found on the tests on the A. T. & S. F. Ry. and the

C. M'. & St. P. Ry., as may be expected from the difference in rail

sections.

31. Position of Bearing of Wheel on Rail on Curved Track.—

The flattenings of copper wire that were taken on the curved track

were measured and the diameter of the wire subtracted as already

described for straight track. It is believed that the method used will
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give a fairly correct idea of the position of the center of the bearing

of wheel on rail. The values found at the higher speeds are plotted

in Fig. 100 to 102, and at 5 miles per hour in the case where impressions

at the higher speed were not taken. The vertical lines represent the

vertical axis of the rail. No impressions were taken on the 7° curve

of the B. & O. R. R. laid with inclined tie plates ; there was no oppor-

tunity to replenish the supply of copper wire within the time the test

train was available.

40 m.p. h.

Outer Rail Inner Rail

40 m.p.h.

Outer. Rail Inner Rail

F^
Fig. 100.

—

Be.\ring of Wheel on Rail of 7° Curve. Flat Tie Plates.

Mikado Type Locomotive and Cars. B. & O. R. R.

It may be expected that there will be some variation in the position

of the wheel bearing on a given curve—especially that one wheel of

a truck or frame will differ from another. The results, however, seem

quite consistent. Describing the position of the center of bearing in

terms of the width of the flatter portion of top of the head (this is

not considering the curves at corners) and counting always from the

gage side of the rail, a study of the diagrams will show that the center

of pressure on the outer rail of the 7° curve of the B. & O. R. R.

laid with flat tie plates for all the wheels of the locomotive and cars

usually lies at from one-fourth to one-third the width of head, except

that for the fourth driver 0.45 will denote the position, and on the

inner rail one-fourth to one-third will also represent the relative posi-

tion of the center of pressure, both rails having a slight outward cant.
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Fig. 101.—Bearing of Wheel on Rail of 10° Curve. Inclined Tie Plates.

Santa Fe Type Locomotive and Cars. L. V. R. R.
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Fig. 102.

—

Bearing of Wheei, on Rail of 2J/2° Curve. Flat Tie Plates

AND 5° Curve. Inclined Tie Plates. Pacific Typf. Loco-

motive AND Cars. R. F. & P. R. R.
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On the 10° curve of the L. V. R. R. at a speed of 35 miles per hour,

the position of the center of bearing on the outer rail (cant 1 in 36)

was at from one-third to one-half the width for all except the third

driver (flangeless), which was at three-fourths the width. On the

inner rail (cant 1 in 27) th^ position was usually near four-tenths

of the width except for the third driver (flangeless), which was 0.55,

counting in all cases the full width of an unworn rail. On the 2^°

curve of the R. F. & P. R. R. at 5 miles per hour the position on the

outer rail (cant slightly outward) was one-third to one-half, except

for the third driver (worn tire), which was two-thirds. On the inner

rail (outward cant 1 in 32) the position was at one-fourth to one-third.

On the 5° curve of the R. F. & P. R. R., the position on the outer

rail (cant 1 in 26) was close to one-half, except that it was three-

fourths for the second and third drivers (worn tires). On the inner

rail (cant 1 in 42), the position was one-half or more, except for the

second and third drivers with the worn tires resting on the outer

part of the head. In general there was httle difference in the position

of the bearing at the high and the low speed, even though at one speed

the flange of the wheel might be closer to one rail than to the other.

The position of the wheels on the outer rail generally showed flange

pressure for the guiding wheels of the driver group and for the first

wheel of the trucks of the tender and cars.

The position of the wear of the rail on the curved track is of

interest. On the T curve of the B. & O. R. R. laid with inclined

tie plates both the outer and the inner rail showed brightness and wear

across the full width of the head. As the 7' curve with flat tie plates

had been used with inclined tie plates to within a few days of the test,

the wear was that found with inclined tie plates. Of the 1° curve

of the Reading Co. on which measurements of the movement of the

rail were made, and which had been laid in the two ways two months

before for the purposes of observation, the part laid with flat tie plates

showed brightness over two-thirds of the width of the head of the

outer rail (inward cant 1 in 60) and three-fifths of the inner rail

(outward cant 1 in 30), and the part laid with inclined tie plates

showed brightness over the full width of the outer rail (cant 1 in 15)

and five-sixths of the width of the inner rail (cant 1 in 24), the

appearance of the outer rail laid with inclined tie plates indicating

that the greatest bearing came slightly outside the middle of the head.

On the 10° curve of the L. V. R. R. laid with inclined tie plates the

brightness was over nearly the full width of the outer rail (cant 1

in 36) and the greatest possible width of the worn inner rail (cant

1 in 21^. The outside of the head of the inner rail (relaid from an

outer rail) was so worn that the center of the whole bearing area

of the head was necessarily to one side of the center line of the web.

On the 5° curve of the R. F. & P. R. R. laid with inclined tie plates

the brightness extended over three-fourths of the width of the outer

rail (cant 1 in 26), the gage side of the head being somewhat worn,

and on the inner rail (cant 1 in 42) the maximum wear was a little

inside of the middle of the head.
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Estimates were made of the position of the center of wheel bearing

for the various wheels of the locomotive, tender and cars and an

average value of the distance of these centers from the middle of the

rail head found. The average position of the center of bearing shown

by the impressions on copper wire was calculated, but some considera-

tion was given to the position of the brightness of the rail, and when
the wire impressions were not available the other observations were

used. The values so estimated are given in one column of Table 17;

they are considered to be more accurate than the preceding general

statements. In making up the table, the position of the wheels and

drivers most actively engaged in forming the guiding action was not

taken into consideration.

32. Discussion of Canted Rail and of Unsymmetrical Tie Plates

on Curved Track.—The study of the data in the preceding articles

has shown that the center of the bearing of the wheel on the rails

of the curved track tested is more nearly at the middle of the head

of the rail when the rail is canted inwardly than when it is vertical.

It is apparent from the tests that a cant of 1 in 20 will give a

satisfactory bearing position for the wheels of the locomotives and cars

used in the tests. The position of the wheel bearing does not differ

greatly whether the flange of the wheel runs close to the rail or hot,

except in the case of locomotives having worn driver tires. In the

case of rail that is normal or nearly normal to the transverse section

of the track, the position of the center of wheel bearing ranged from

.25 to .60 in. inwardly of the middle of the head of the rail, .50 in.

being a common value. It is also apparent that in curved track as in

straight track a cant of 1 in 20 will bring the center of the wheel

bearing close to the middle of the head of the rail. The appearance

of brightness over the head of the rail and the distribution of the

wear also favored the canted rail. This is well shown in the 1" curve

of the Reading Co. laid for the purpose of observation on effect of

canting, where the part laid with inclined tie plates showed brightness

over the full width of the head and that laid with flat tie plates

showed brightness only over two-thirds and three-fifths of the width.

It was also found that on the two 7° curves of the B. & O. R. R.

the lateral bending stresses in the rail laid with inclined tie plates

were somewhat less than those found when flat tie plates were used.

It is not apparent that canting the rail will have any marked effect

on the rapidity of wear of the gage side of the outer rail by the

flanges of wheels which bear against it and guide a truck or group

of wheels in traversing the curve, except as the decrease in lateral

bending stresses may show a reduction in flange pressures. Taken
altogether the tests indicate that for curved track the canting of the

rail conduces to a wider distribution of the bearing pressure on the

head of the rail and a more favorable distribution of wear, and thus

may be expected to improve the conditions for track maintenance.

It is not apparent that canting of the rail has any marked effect

on the tilting of the rail under load or on changes in gage by traffic

or on tie cutting. It should also be noted that the variation in lateral
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bending stresses for different runs and different points along the track

is present both in track having vertical rail and having canted rail

and to approximately the same degree.

Except for certain wheels of the locomotive, the action of the

wheels was to tilt both outer and inner rail inwardly of the track a
small amount, thus narrowing the gage at the wheels. In the same way
for the same wheels there was a movement of both rails inwardly of the

track, also tending to narrow the gage under these wheels. This condi-

tion was found to exist with both vertical and canted rail. This inward

tilting and lateral movement of the rail may be attributed to the position

of the tie plate. If it is generally characteristic of such track, the infer-

ence may be drawn that for resisting the lateral forces present when
this tilting takes place the eccentricity of the tie plate is too great. Other

circumstances point to another conclusion, at least for the inner rail.

It will be noted that in general the cant found on the curved track

was less than that which would be expected with the tie plates used. The
inclined tie plates had an inclination of 1 in 20—generally the rail was
found to be canted less than this. The rail laid with flat tie plates was
usually found to be canted outwardly. It is reasonable to assume that

when the rail was laid its position approached that which would be

expected for the tie plates used. This being true, it would seem that

curved track tends to lose its cant under traffic, or to gain an outward

cant, and thus to widen the gage slightly. This change is opposite to

that found in straight track, where the tendency is toward an increase

in cant. It is also contrary to the tilting action found on curved track

under most of the wheels. It seems evident, however, that there is a

tendency for the rails of curved track to lose their cant or to become
canted outwardly.

The reduction in cant may be due in part to the large outward pres-

sures exerted on the outer rail by the flanges of the guiding wheels of

the locomotive and on the inner rail by the intermediate drivers that

resist the pressures exerted by the outer wheels of the locomotive. That
these forces are important is borne out by the outward tilting and out-

ward movement of the two rails under these wheels.

Another method of attack may lie in examining the probable eccen-

tricity of application of the forces that act on curved track in somewhat
the same way as was done with straight track, considering the point of

application of the wheel load, the center of the tie plate, the cant of the

rail and its superelevation, etc. It is evident from a study of the lateral

bending stresses that in addition to the lateral forces developed by the

guiding action of groups of wheels there are outward lateral forces act-

ing on the rail similar in nature to those giving an outward bending in

straight track; the resultant of these forces and the vertical loads may
be expected to have an outward trend. Although the magnitude of these

lateral forces can not be determined, it will be well to find whether the

conditions compare with straight track and what the effect of speed on
the conditions of superelevated track will be.

In Table 17 are given values of the position of the wheel bearing on
the rail, eccentricity of tie plate, eccentricity due to cant of rail, eccen-
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Table 17

Center of Wheel Bearing, Eccentricity of Tie Plate, Cant of Rail, Nominal
Eccentricity, and Slope of Nominal Resultant on Curved Track

The values are given in inches, the positive direction being inward

from the middle of the head of the rail. The position of the center of

wheel bearing was estimated from the impressions of copper wire for the

wheels of locomotive and cars when available and otherwise from the

appearance of the rail and other observations. The eccentricity due to

superelevation is that distance along the tie which corresponds to the

height of the rail and thickness of tie plates for a flat tie plate. The
other terms are the same as have been used for straight track.

Location

3.9

At Speed of

Superelevation

Nominal
Ecc.

Slope of

Nominal
Resultant

At Slow Speed

Nominal
Ecc.

Slope of

Nominal
Resultant

Outer Rail

B. & 0. R. R.
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tricity due to superelevation, etc., for the several curves on which tests

were made. Fig. 103 will help in understanding the terms used. At the

speed of superelevation the resultant of the centrifugal force and the

vertical load may be considered to be normal to the transverse section

of the track—parallel to the axis of the rail for flat tie plates (AB, Fig.

103) and inclined to it for inclined tie plates (A'B'). At the low speeds

the centrifugal force is negligible and the resultant of the vertical load

and the centrifugal force may be taken to be vertical (AC and A'C).
The nominal eccentricity then is the distance from the middle of the tie

plate to its intersection with the resultant used. This nominal resultant

(AD and A'D') is assumed to be acting along a line joining the center

of the wheel bearing and the midpoint of the tie plate. If the rolling

action of the wheel gives an outward lateral force of a magnitude such

that the resultant of this and the other forces coincides with the so-called

nominal resultant, the conditions would be called very favorable. If,

however, under one of the speeds the resultant of the actual forces can

not be expected to occupy the assumed position, it will be evident that

tilting forces will be present to modify the cant of the rail. The slope

of the nominal resultant may then be used as a criterion. Even for

another speed, the resultant may not coincide in position with the assumed
nominal resultant.

It will be seen that for the speed of superelevation the nominal

eccentricity (BD or B'D', Fig. 103) and the slope of the nominal result-

ant (tangent of angle between AB and AD or A'B' and A'D') as may
be expected, for both rails would not differ from those for straight track

provided the position of the wheel bearing and the cant of the rail was
the same. The general slope of the nominal resultant for both inner and

outer rails ranges generally from .11 to .15. It would appear that at the

speed of superelevation, except for the guiding action of groups of

wheels, the conditions for curved track will be much the same as for

straight track.

At a slow speed it is seen that for the outer rail the line of the

vertical load intersects the bottom of the tie plate well inside its middle

and that the nominal eccentricity (CD or CD') is great, the values in

Table 17 ranging from 0.82 to 1.78 in. The slope of the nominal result-

ant is correspondingly large—from 0.13 to 0.24. It is not to be expected

that the outward lateral force on the rail produced by what has been

called the outward rolling action of the wheels will be sufficient to give

such a slope. With the actual resultant falling inside the midpoint of

the tie plate, the tendency will be for the outer rail to tilt inwardly as

the load passes, except as the guiding flanges may give an outward
pressure.

For the inner rail at a slow speed, the line of the vertical load inter-

sects the bottom of the tie plate generally not far from its midpoint, the

'nominal eccentricity (CD or CD') given in Table 17 ranging from —0.07

to 0.69 in. The values of the slope of the nominal resultant are very
small. For a slow speed, then, the action of the traffic may be expected
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to tilt the inner rail outwardly, resulting in a decreased cant. This

change will also be influenced by the strong outward pressure on the

inner rail exerted by the intermediate drivers and by other wheels, as is

brought out in the study of the tests. The passage of trains at slow

speeds and the outward pressure of certain wheels at both low and high

speeds may be taken to be the cause of the loss of cant on all the curves.

It would appear that for the inner rail there would be an advantage in

having a greater eccentricity of tie plate if many trains are to be run at

.speeds below that corresponding to the superelevation. Although in the

tests shown in Fig. 98, the inner rail generally tilted inwardly under load,

it is seen that the amount of the inward tilt at the higher speed was
greater than that at the lower; if then other conditions caused an out-

ward tilt, the effect would be the greater at the low speed.

Any tendency to changes in cant that may be made at speeds higher

than those corresponding to the superelevation will not need considera-

Fig. 103.

—

Nominal Eccentricity of Tie Plates for Slow Speed and

FOR Speed Corresponding to Superelevation

tion, since the number of applications of load and their amount will be

relatively small.

In the matter of the proper amount of eccentricity to be given in

the design of tie plates it would seem that this can best be determined

in practice by the results of experience on such track as that on which

the tests were conducted. If it is found that the cant of the rail is

decreased under service, it would be proper to increase the eccentricity

of the tie plate ; if the cant shows a gain, the eccentricity may be too

great. On the track used in the tests in a general way it may be said

that the cant had increased on straight track and decreased on curved

track.
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As in the case of straight track it is of prime importance to have

tie plates of adequate length. Increasing the length will not only give

increased bearing area, but the greater length will have a beneficial effect

by reason of the decreased variation in pressure at the ends of the tie

plate corresponding to the variations in the direction of the resultant

wheel load under the diverse conditions of traffic. In any case the thick-

ness of tie plate must be sufficient for the purpose.

33. Stresses in Heavy Rail.—The average values of the stresses

in the 130-lb. rail under all the drivers of the locomotives were generally"

in accordance with values calculated by the analytical method given in

the first progress report. Different track locations gave small differences

in the average values, due partly to differences in the relative values of

the positive and negative moments at and between wheels at the different

locations. The values of the stresses under the individual drivers dif-

fered from the analytical results, showing a variation in the division of

the load from the reported loads. As the stresses were relatively small,

the variation from average values may be expected to be greater than

for the lighter rail, due both to the variations in the track and to

observational error.

It has been shown that the average stresses in the 130-lb. rail under

the drivers on straight track were about 8000 lb. per sq. in. These

increased to 9000 or 9500 at 40 miles per hour. The increase due to

speed was variable, but was small, the average increases ranging from

12 to 20 per cent. Mean stresses in base of rail under the drivers were

found as great as 16,500 lb. per sq. in. at 40 miles per hour, and the

stress at one edge as great as 22,000 lb. per sq. in. The range of indi-

vidual observations above and below the average mean stress was gen-

erally not more than 3500 or 4000 lb. per sq. in. At each instrument the

range was much less than this, in some cases being not more than 1000

lb. per sq. in. above and below the average for the instrument.

As would be expected from analytical considerations, the inter-

mediate wheels of the two trucks at the ends of two cars, or of car

and tender, developed lower stresses in the rail on straight track than

did the first and last of the group. On the B. & O. R. R., the mean
stresses in base of rail under the wheel load of 18,000 lb. ranged from

5000 to 7500 lb. per sq. in. at 5 miles per hour and 5500 to 9000 lb. per

sq. in. at 40 miles per hour. On the Reading Co. the mean stresses under

the wheel load of 25,000 lb. ranged from 6000 to 10,000 lb. per sq. in. at

5 miles per hour and 6000 to 11,000 lb. per sq. in. at 40 miles per hour.

The effect of speed in the latter case was very low. It is seen that with

the wheel load of 25,000 lb. the stresses in rail on straight track were

nearly as great as any found under the drivers of the locomotive.

In the outer rail of the 7° curves of the B. & O. R. R. average

vertical bending stresses of 9000 and 10,000 lb. per sq. in. were developed

under a driver of the Mikado type locomotive at speeds of 5 and 40

miles per hour, respectively, and average stresses at one edge of 12,000
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and 14,000 lb. per sq. in. at the two speeds. In the inner rail average

vertical bending stresses of 13,500 and 11,000 lb. per sq, in. were devel-

oped at speeds of 5 and 40 miles per hour, respectively, and average

stresses at one edge of 23,000 and 14,000 lb. per sq. in. at the two speeds.

Comment may be made that except for the stress of 23,000 lb. per sq. in.

the stresses on the 7° curve were relatively low. In the outer rail of

the 10' curve of the L. V. R. R. the highest average vertical bending

stress under a driver of the Santa Fe type locomotive was 11,200 lb.

per sq. in. at 35 miles per hour. In the inner rail an average vertical

bending stress of 21,500 lb. per sq. in. and an average stress at one

edge of 31,500 lb. per sq. in. were found at 5 miles per hour. At 35

miles per hour the corresponding stresses under this driver were 11,000

and 12,000 lb. per sq. in. It should be borne in mind that this inner rail

was badly worn, having been relaid from the outer rail.

The cars with wheel load of 18,000 lb. developed stresses in both

rails of the 7° curve of the B. & O. R. R. that were lower than the

stresses found under the drivers, both vertical bending stresses and

stresses at one edge. Similarly on the 10° curve of the L. V. R. R. the

wheel load of 24,000 lb. developed stresses that were considerably smaller

than those found under drivers of the Santa Fe type locomotive.

It is to be expected that the smaller lateral bending stress in the

heavy rail, as well as the smaller vertical .bending stress, will give a

more general distribution of the lateral and vertical pressure on the ties

and ballast, and thus act to decrease the maintenance work required.

34. Other Tests.—Of the other investigations not reported here,

further progress has been made in tests of rail joints. Measurements of

strains in angle bars under the load of wheels have been made on track.

Laboratory tests on several of the forms of rail joint commonly used in

track have been made from time to time as opportunity afforded, and

thus data on the action of rail joints are being accumulated. Tests have

been made to find the longitudinal pressure required to cause the rail

to slip in the joint for different conditions such as varied tension in the

bolts. It is planned to carry further the investigation on rail joints. It

is hoped that an instrument may be devised to measure strains in the

splice bars at top, bottom, and middle of bar under the conditions of

support of rail found in track. Tests in other lines are also under

consideration.

Respectfully submitted,

Special Committee on Stresses in Railroad Track,

A. N. Talbot, Chairman.
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DISCUSSION ON WOOD PRESERVATION
(For Report, see pp. 65-129.)

Mr. S. D. Cooper (Atchison, Topeka & Santa Fe) :—During the year,

the Sub-Committee on the preservative treatment for signal trunking and

capping, and the Sub-Committee for the treatment of Douglas fir have

been continued. A joint committee with the Signal Section has just been

appointed, and we should be in a position next year to submit specifica-

tions to be adopted, which will meet the views of everybody concerned.

On account of the wide interest there is in the treatment of Douglas fir

and the inability to get a satisfactory report this year, I am going to ask

Mr. Waterman, the chairman of the Sub-Committee, to give you the status

of the work of the Committee at this time.

Mr. J. H. Waterman (Chicago, Burlington & Quincy) :—Volume 24,

1923, page 954 to 959, inclusive, is a very carefully prepared detailed report

of Committee XVII, Sub-Committee 3, Mr. Belcher, Chairman.

He states, "Douglas fir is a most difficult timber to treat, offering as

it does such great resistance to the injection of the preservative. It is, how-

ever, thoroughly satisfactory, if properly treated and given proper han-

dling after treatment. Your Committee believe that the best results can be

obtained in the treatment of Douglas fir by adherence to the following

requirements."

And then practically every detail is gone into by your Committee.

Strange, but true, Douglas fir is just as difficult to treat in 1925 as it was

in 1923, and while your Committee is making a careful study of the treat-

ment of Douglas fir, we feel as though the treatment is still in a state of

evolution, and while a few years ago a great deal of Douglas fir timber

and piling was destroyed by treatment or the strength was materially weak-

ened anywhere from 10 per cent to 30 per cent, we feel that this is being

overcome.

There is one thing we feel positive about, that too high temperature of

the creosote combined with high pressure will destroy the strength of the

timber, and personally I am now giving you my opinion and not the

opinion of the Committee. I would never allow at any time the pressure

in treating Douglas fir to go above 125 pounds.

Your Committee will continue to study the treatment of Douglas fir,

but we are not prepared to recommend inserting in the Manual any hard

and fast rules for treating Douglas fir, but we do recommend that every

plant where Douglas fir is being treated the treatment be watched closely

and a report made to the Committee.

Chairman Cooper:—The next is Revision of the Manual, by Dr. Her-

mann von Schrenk.

Dr. Hermann von Schrenk (New York Central Lines) :—I would ask

you to refer to pages 67-74, including the first paragraph on page 74.

The work bf the Committee on Revision of the Manual this year has been

directed very largely toward elaborating and perfecting certain technical

1251
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processes. We have at the present time a number of standards in the

Manual which were gotten up some years ago upon which a good deal of

work has been done by three committees : Committee of the American Society

for Testing Materials ; Committee of the American Wood Preservers' Asso-

ciation, and a Committee of the American Railway Engineering Association.

There has been a great deal of detailed study and these three committees

have practically brought in a uniform report, of which the report included

in this part of the Bulletin forms a portion.

Owing to the technical nature of the subject-matter, unless especially

requested, I will not go into detail except to read the headings. The first

revision recommended by your Committee for adoption deals with float

tests of residue, giving a description of the apparatus, the methods of

procedure, and methods of sampling.

The second specification deals with the standard specification for

thermometers to be used in the process of distillation, giving the specifica-

tion of the thermometer in detail on page 71. This has been a subject of

very considerable discussion between the committees, not only those inter-

ested in wood preservation, but committees engaged in investigation and

distillation of petroleum.

Page 71 deals with methods of analysis of zinc chloride, including the

various alternative methods that can be used. This extends over through the

first paragraph of page 74.

Unless otherwise requested, I move you, sir, that these specifications

be approved for publication in the Manual as they stand.

President Ray :—You have heard the motion that the specifications from

page 67 to 74 be included in the Manual in place of the present specifica-

tions. If there is no objection, it will be so ordered.

In order to save time and provided there is no objection, we will adopt

conclusions and motions without taking the time to call for a vote. We
have much business to transact and this procedure will save a lot of time.

Dr. Hermann von Schrenk:—On pages 74 and 75 the Committee

presents as information a revised method for distilling creosote. The present

method now standard in our Manual has been used for a great many years.

Within the last two or three years, specifically at the request of the Ameri-

can Engineering Standards Committee, your Committee as well as a Com-
mittee of the American Wood Preservers' Association and the American

Society for Testing Materials, in co-operation with other committees

interested in the distillation of creosote, have been endeavoring to find a

uniform method for distilling process for various types of liquids such as

creosote and petroleum. The outcome has been a suggested method, using a

new type of flask illustrated on page 75, which your Committee is presenting

as a matter of information only, with a request that it be used wherever

possible, the Committee being advised of the results and criticisms.

I would like to ask that a brief correction be made in almost the middle

of page 74, in the sixth line : "In more recent years, the suggestion has been

made from time to time that a Hempel flask be used instead of the standard

retort." After the words "Hempel flask," the Committee would like to
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have added "or Engler," so that the sentence will read, "In more recent

years, the suggestion has been made that a Hempel or Engler flask be used."

The method as suggested on these two pages is self-explanatory, and I

think requires no further description.

Chairman Cooper :—Mr. Ford will present the report on Service Test

Records.

Mr. C. F. Ford (Chicago, Rock Island & Pacific) :—The Sub-Commit-
tee has included in the report this year service records which have been

completed. On pages 78, 79 and 80 you will find a tabulation showing the

number of ties used per mile for renewals on a number of railroads that

have used treated ties extensively. These tables indicate the wonderful

results that have been obtained by the use of treated ties.

On pages 81 to 101 will be found a record of experimental posts, treated

by various preservatives, which have been inserted on the Santa Fe Rail-

way, near Cleveland, Texas. The greater portion of these posts were

placed in service in 1913. In some cases the treatment having failed, tht

tests by these methods are completed. A large number of the posts are

still in service and reports will be made from time to time until the test is

completed.

This record is submitted as information only.

Chairman Cooper:—Appendices C and D will be presented by Mr.

Belcher.

Mr. R. S. Belcher (Atchison, Topeka & Santa Fe) :—This report is

a continuation of our Committee report of last year on the subject of

"Creosote Mixture with Other Oils." Last year's report covered the in-

spection and results to date of 815 test ties treated with mixtures of

creosote and petroleum in various combinations. The tables on pages 104,

105, 106, 107, 108 and 110 show results of this test to date of inspection

by the Sub-Committee. The table on page 110 is a summary of these tests

by treatment.

During the past year, the Committee again inspected the mixture-

treated tics in west Texas and New Mexico, on the Santa Fe. The ties

examined arc representative of approximately 1,000,000 ties treated with

mixture and inserted during the years 1909 to 1914, inclusive. The ties

are still in splendid condition.

On page 103, under "Conclusions," the Committee has endeavored to

outline the essential requirements of petroleum to be used with mixture

for timber treating. Also, we have reached a conclusion that petroleum

adds to the life of timber by retarding or preventing checking and splitting

of the wood, and that in many regions creosote-petroleum mixture, made
up of grades of creosote and petroleum, as indicated in our conclusions,

is an economical and satisfactory preservative.

This Sub-Committee also handled the subject of "Treatment with

a Mixture of Zinc Chloride and Petroleum." This report is also a con-

tinuation of a report made last year on the subject "Zinc Petroleum Mix-
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ture for Treatment of Ties." There is little to add in the way of data of

service given by ties so treated.

(Mr. Belcher quoted from the report on page 190, Bulletin 270.)

This report is presented as information.

President Ray:—This report is presented as information. Is there any

discussion on the subject? The Association would like to have the benefit

of your views. If there is no discussion, it will be received as information.

Chairman Cooper :—Appendix E, Cooperate with the Committee on

Marine Piling Investigation of the National Research Council on Marine

Piling Research, will be presented by Dr. Hermann von Schrenk.

Dr. Hermann von Schrenk:—The Committee on Cooperative Work
on Marine Piling Investigations has done very little this year except

keep track of such work as is going on abroad and the work done

specifically in this country by the Chemical Warfare Section of the

War Department. Due to lack of funds the committee of the National

Research Council has been practically in a quiescent condition this

year, as indicated in the brief report which we are submitting. A larger

report was issued after the convention last year, copies of which were

furnished to all the railroads that had contributed towards the expense

of that investigation, copies available to others at $10 a copy, obtainable

from the office of the Secretary of the National Research Council in

Washington.

I would like to report at this time in behalf of this Committee
that the Chemical Warfare Section of the War Department, due to

continued active assistance on the part particularly of the Secretary

of War and the Secretary of Commerce, has pursued the subject with

great vigor at the Edgewood Arsenal during the past year. They
have developed three specific compounds of which a series, I believe

fifteen separate sets, of treated piles have been prepared and are ready

for distribution at the present time. Your Committee has been asked

to assist in the placing of these various sections at various points on
our coasts and we hope that several of the railroads will continue their

cooperation to that extent. These compounds are different from any-

thing that has ever been used in the treatment of marine piling hereto-

fore, and their development has come about as a result of cooperative

work in the government laboratories between the chemists of the

Chemical Warfare Section and the zoologists connected with the

Smithsonian Institute under the immediate direction of the War De-
partment. We hope, therefore, at the next convention to give some
further details as to the trials of these new compounds.

President Ray:—If there is no discussion on the subject, this part

of the report will be received as information.

Chairman Cooper:—Appendix F, the Effect of Preservatives on the

Inflammability of Wood, will be presented by Mr. Bowser.

(Mr. E. H. Bowser read abstracts from Appendix F, pages 113 t®

129.)
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President Ray:—Gentlemen, this Appendix F is submitted as

information. It is a very important subject and one in which we are

all interested. There ought to be some discussion on this subject. The
report is very well illustrated and the Committee deserves credit.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis):

—

Since the report of the fire which the Committee has referred to in its

report, we have had another fire of the same nature. The bridge was

longer and had three rather old cedar bents near one end. We don't

know just how the fire originated. The right-of-way had been thor-

oughly cleaned around the bridge and it is supposed that vegetation

ignited beyond the bridge and the embers were blown toward the

bridge and ignited it in that way. There is difiference of opinion as to

where the fire originated, whether it was in the dead grass that had

grown in the joints of the riprap at the end of the bridge or whether

it originated in these untreated cedar pile bents. The fact is the un-

treated bents burned out and the treated bents were damaged only

where the bracing was attached; in some cases new braces had to be

applied. We resumed traffic at slow speed over the bridge within

about an hour after the oil had burned out of the outer surface of

the treated timber. Two new lines of treated stringers will have to

be applied before speed restrictions can be lifted.

I am fully convinced that there is less fire risk in the use of treated

timber than there is in the untreated. I believe that long bridges should

have fire walls at about every two or three hundred feet.

Mr. J. L. Campbell (Southern Pacific Company):—I want to

direct the attention of the members of the Association to the necessity

for preservative treatment by the processes considered by this Com-
mittee, particularly preservation by creosote. This is on account of a

diminishing"* supply of timber, and I believe Mr. Stimson has said it is

now an economic crime to use timber unpreserved. This is due to

its rapid failure through decay. If our timber supply is to be a con-

tinuing supply, the railways must use it more economically than they

have in the past.

No satisfactory substitute has yet been found for the wooden tie.

It may be that there are some roads in the country who are yet

using untreated ties, those roads which are located in the timber belt.

If they are doing that, they are, of course, doing so primarily because

of the immediate cost or the cost for the next few years in using the

untreated tie is less than would be the cost of now using a treated tie,

but this is a matter that must be looked at in a broad way, beyond five

years or ten years and the immediate economy to the ultimate condition

and the ultimate economy.

In this view, I am confident, treatment of ties now will be an

economical policy even for railways located in timber belts; that such

railroads along with other railroads will reap an ultimate economy and

benefit in the preservation of timber and by the longer service life so
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secured maintain our supply of timber for railroad uses for an in-

definitely longer period of time.

So. I desire to urge upon all Engineers here representing railways

where timber preservation may still be a question that they get a

broad comprehensive view of this very important matter, and that

their attitude be that of a favorable one toward the preservation of

the timber.

By this process of preservation which has been thoroughly de-

veloped and with the facilities for treating timber now available, any

railway can secure treated ties, treated bridge timber and any other

treated timber that may be desirable to use.

In my experience with the treatment of timber during the past

twenty years, the road with which I was connected during that time

reduced tie renewals annually from ten to twelve per cent to five or

six per cent, and more than doubled the service life of the tie.

In that connection, I wish to direct attention to the fact that there

are certain sections of the country in which it is going to be necessary

to do something more than apply the creosote preservative to the

timber. In the arid West and Southwest, the climatic conditions are

such that in the case of the treated pine tie or the Douglas fir tie, the

tie finally fails by disintegration starting apparently in the checking

of the tie under the climatic conditions under which it is rendering its

service.

I presume you are all famihar with the steps that are now being

taken to overcome this checking of the tie. The Santa Fe Railway,

by using a percentage of petroleum or crude oil with the creosote,

apparently has developed the fact that this checking can be largely

eliminated by the use of petroleum mixed with the creosote.

On the El Paso & Southwestern Railway we found that we were

taking out these treated ties at the end of sixteen or seventeen years,

not due to any decay in the tie, but to its failure through this physical

or mechancial disintegration, so this is also one of the problems of

preserving ties.

If you are not familiar with this problem you should get familiar

with it, and have a broad, comprehensive understanding of the ulti-

mate economies that are involved, and that you help your railroad, if it

is not already there, to get to the point where it will preserve the

timber. Let us by preservative and economical processes and methods

extend the life of an indispensible national resource. (Applause.)

A member :—In order to make effective a point of the remarks of Mr.

Campbell, it will be necessary for those railroads that are in and out of

the tie-producing territory to treat all ties. A railroad in the tie-

producing territory may treat both the white oak and the hard pine;

whereas the railroads out of the tie-producing territory will come

in and get those ties and use them without preservation. The essen-

tial feature, in order to make Mr. Campbell's remarks effective,

will be for all ties to be treated.
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Mr. G. W. Snyder (Pennsylvania Railroad System) :—We have

a very practical question on the treatment of ties before us at this

moment.
A year or so ago the Chief Engineer agreed that all ties which

we were going to use for some time should be treated, and I have

since seen some data to prove that at least on the eastbound

freight tracks of our main line we can not economically follow this

rule. If anybody can throw any light on that conundrum, we will

be very glad to have it. The regulations now are that all ties be

treated, but if the life of a treated red oak tie on our eastbound

freight tracks is going to be no longer for physical reasons than

an untreated white oak on the freight tracks then perhaps we ought

to buy white oak ties, and I would be very glad to hear some dis-

cussion on that, because it is a very practical question. I don't

know whether Mr. Foley is in the room or not, so that he can

give us some light on the subject. I hope I have made it clear, as

it is a very pressing problem with us.

Mr. F. F, Harrington (Virginian Railway) :—I think the report

on the inflammability of treated timber is very interesting and the

results given are news to most people connected with railways.

Treatment of timber is usually for the purpose of preserving the

wood, but I believe the general opinion of treated timber is that

it is more inflammable than untreated timber. If treated timber

is not as inflammable as other timber, it is a great advantage to

use it wherever possible, especially on the water front where
treated timber is needed for other reasons. I think a little more
discussion on this question of whether treated timber is more or

less inflammable than other timber would be very profitable.

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) :—Mr. Chair-

man, in regard to Mr. Snyder's problem as to the use of white oak ties

treated, if I remember correctly, the life of a white oak tie untreated

is very much less than the life of almost any treated tie, and if

it is not possible to lengthen the life of a white oak tie by treatment,

I should consider it was poor policy to use white oak for ties.

They might better use that material for something else and use

tie timber that can be made to last longer after it is treated.

Mr. E. W. Hammond (Buflfalo, Rochester & Pittsburgh):—!

would like to know what means of protection Mr. Snyder's road

has used on his red oak ties against mechanical wear. We have

had some experience in the use of creosoted red oak ties as against

untreated white oak ties, which would tend to show that there is

very much more efficient life from the treated red oak properly

protected against mechanical wear and under heavy traffic con-

ditions than there is from the untreated white oak.

Mr. Hunter McDonald:—On the question of the wearing out

of treated ties through mechanical processes it has been my expe-
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rience that on heavy grades where much sand is used, it requires

an extra large tie plate to prevent the sand from assisting in the

mechanical destruction of the tie. I believe that the use of treated

red oak ties can well be justified, provided a very large plate is

used in order to completely eliminate the effect of the sand as

well as the increased weight on the low side of curves where heavy
freight equipment is moving.

Mr. J. L. Campbell:—I am glad Mr. McDonald referred to that.

It is just as necessary to preserve the tie, particularly the soft wood
tie, by a tie plate of ample size as it is to protect by creosote.

Get your railroad to buy the biggest tie plate and put it on top of

the tie.

Mr. John Foley (Pennsylvania Railroad System) :—Mr. President,

I suppose Mr. Snyder referred to me with the idea I might make clear

that he does not believe treated ties wear out before untreated do, and

that such a belief is not generally held on the Pennsylvania. Any
difference, of opinion which inay exist regarding the economy of

treatment for ties under extra destructive traffic cannot be recon-

ciled by reliance on offhand notions of trackmen and others who
seem to expect that each treated tie will be in the track the whole
period of the average life of all of them, and who seem to forget

that treatment cannot increase the average service of ties which
are not adequately plated or are used between ties which are not

carrying their share of the load.

All the untreated ties I have seen after removal from the tracks

of the Pennsylvania or any other railroad have been partially de-

cayed. Before the question raised by Mr. Snyder can be settled,

it is necessary that those observing untreated ties determine that

there is absolutely no decay in them when they are removed before

deciding that the wear of traffic is the sole factor in fixing their

length of service.

My own viewpoint, which seems to have been accepted by our

Chief Engineer, is that the prevention of decay by preservative

treatment will add enough to the life of practically all ties prop-

erly protected against wear to justify creosoting, even though ex-

treme traffic conditions prevail, because under such conditions the

cost of renewal is so high that a short increase in service repays
the cost of treatment.

Mr. C. C. Cook (Baltimore & Ohio):—The white oak tie can

be treated. On the Baltimore & Ohio we find in our experience

we can get at least two-thirds of the amount of treatment into a

white oak tie that we can get into the red oak tie. We feel that

in securing that much we get a rather fair penetration, a rather good
permeation of the white oak timber, one that will preserve it and
give it a life at least equal to that we get from a red oak treated

tie. The advantage of the white oak treated tie lies in putting it
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on the heavy curves and on heavy grades where it will resist me-

chanical wear; it will do it better than the red oak tie, because

it will not split so easily.

Mr. C. M. Taylor (Reading Company):— I cannot pass up this

moment without paying respect to our President, who has the record

of using less ties per mile than any other Engineer here. He has

done that as the result of a consistent policy. He was the first man
to treat white oak ties. I think he was the first man to treat all

ties that went into his tracks. The Lackawanna is a very poor (?)

road as the result of it.

Chairman Cooper:—The Committee as a whole stands for noth-

ing but treated material of all kinds that it is possible to treat for

the use of railroads.

President Ray:—Any further discussion? That concludes the

report of the Committee and in dismissing them, the Chair wishes

to express to them the thanks of the Association for this very fine

report that they have presented to us for our use in future work.

(Applause.)



DISCUSSION ON SHOPS AND LOCOMOTIVE
TERMINALS

(For Report, see pp. 131-157.)

(In the absence of the Chairman, the Vice-Chairman, Mr. A. T.

Hawk, presented the report.)

Mr. A. T. Hawk (Chicago, Rock Island & Pacific) :—The report will

be found in Bulletin 271, pages 131 to 157, inclusive.

(Vice-Chairman Hawk then read parts of the report on page 131, Bul-

letin 271.)

Vice-Chairman Hawk:—The first subject to be considered under Ap-

pendix "A" on page 132 is general layouts and designs of car shops.

This will be presented by Mr. H. W. Williams, chairman of the

Sub-Committee.

Mr. H. W. Williams (Chicago, Milwaukee & St. Paul):—I will

not attempt to read the entire report of the Sub-Committee. How-
ever, we desire to call attention to the first paragraph on page

132 in which the attention of the Association is called to the Pro-

ceedings of the 1921 convention, which gave in considerable detail

various maps, drawings and details, showing typical car shop lay-

outs then in use.

Following that is a discussion of some of the economic features

in connection with freight car repairs, to all of which should be

given consideration in drawing up plans for shops to care for such

work.

I will read the last paragraph at the bottom of page 135, as I

believe it is somewhat indicative of the thoughts of the Committee.

(Mr. Williams then read the last paragraph on" page 135 of

Bulletin 271.)

Mr. Williams:—Then follows eight basic recommendations which

that committee made to their association. Your Committee concurs

in this and offers it as a joint recommendation.

Then on page 137 will be found the recommended practice

for freight car repair shops which your Committee is recommending

for inclusion in the Manual of this Association. The first eight

points of this are the same as those oflfered by the Mechanical

Division of the American Railway Association. The remaining nine

have been added by this Committee for your consideration.

(Mr. Williams read the 17 points from pages 137-138, Bulletin

271.)

Following that is an outline sketch illustrating the dimensions

as given here.

It is the thought of your Committee that with such recommended
practices before one being confronted with the problem of design-

ing the freight car shop, it would be a sufficient guide for him to lay
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out a shop for almost any condition, the topography of the par-

ticular location being the governing feature as to shape of the shop.

However, the spacing of tracks, the clearances and all are given here.

It is recommended that it be included in the Manual.

Vice-Chairman Hawk :—I move that this be accepted and published

in the Manual.

President Ray:—You have heard the motion. Is there any dis-

cussion on these 17 recommendations found on pages 137-138 of

Bulletin 271?

Mr. J. E. Armstrong (Canadian Pacific):—If conclusions 2 and

3 are adopted just as they stand, there may be a conflict in the

recommendations of two of our Committees. At the foot of page

684 of the current Manual the Committee on Yards and Terminals

recommends under the heading of "Repair Tracks" as follows:

"These tracks should preferably be connected at both ends and
have a maximum capacity of about 15 cars each, spaced alternately

16 feet and 24 feet center to center," and so forth.

If the phrase in conclusion 1 "in a car shop building" applies

to conclusions 2 and 3, then there would appear to be no conflict.

Possibly there is no conflict in conclusion 2 in any event, but in con-

clusion 3, it says, "The distance center line to center line of repair

tracks that do not have a material track between them should be

not less than 18 feet," and this appears to conflict with the existing

recommendation in the Manual.

Mr. Williams:—The recommendation as it now stands in the

Manual, as I understand it, applies to yard tracks only, while in

this case it was only intended that the spacing should apply to repair

tracks under cover or in freight car shops. It was felt that the

heading here, "Recommended Practice for Freight Car Repair

Shops," would cover that. I remember that the question was dis-

cussed in some of the committee meetings, and it was disposed of

in that way. It was not intended that this shall be recommended
practice for outside repair yards.

President Ray:—Is there any further discussion? If not, all

those in favor of including these recommendations in the Manual
please let it be known by the usual sign.

(The recommendations were unanimously carried.)

Vice-Chairman Hawk :—The next to be considered is Appendix B
shown on page 139, "Typical layouts for storage and distribution

of fuel oil, including fuel oil stations between terminals." This

will be presented by Mr. J. M. Metcalf, chairman of the Sub-Committee.

Mr. J. M. Metcalf (Missouri-Kansas-Texas Lines):—In Bulletin

271, on pages 139 to 144, there is some discussion of the questions

raised in the convention last March on this Committee's report, con-

sisting principally of quotations from Engineers of different roads

using fuel oil. In addition, we have also secured additional typical
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layout plans and photographs, which are printed on pages 145

to 151.

In the matter of unloading facilities, the Committee has made
a slight change in its recommendation, but still feels that the unload-

ing box or trough between the rails is the most desirable form for

unloading from cars.

The question of dikes or fire walls goes with the question of

tank roof. I will say that the Committee was not quite a unit

on the question of roofs, one member feeling that we should stand

as recommending only the all-steel or fireproof roof. In view of

the fact that many roads are reported as using successfully the

wooden roofs, including one road which is among those having

the longest experience in use of fuel oil, which reports the use for

twenty-five years without any loss by fire due to the wooden roofs,

the Committee did not feel that they could fairly recommend exclu-

sively the steel roofs, but preferred to recognize as desirable con-

struction under certain circumstances either the wood framed roof

or the steel or other types of fireproof roof.

In the matter of dikes or fire walls around tanks, there is a

feeling on the part of some that the recommendation that such dikes

should have a capacity of one and one-half times the capacity of

the tank is excessive and should not be set up as required in our
recommended practice. This requirement of one and one-half times

the capacity of the tank is set up by the National Board of Fire

Underwriters in the rules which they prescribe for the use of oil

storage tanks, and the Committee did not feel at this time that

they were in a position to go against it by recommending some
smaller capacity.

After the report went to the printer, there was called to our

attention the report of some experiments which have been con-

ducted by the Standard Oil Company in the construction of dikes,

which indicate that by a somewhat diflferent design than that usual,

with the efifect of a baffle, the wave action of oil flooding from a

burning or collapsed tank may be overcome with a considerable

smaller capacity inside the fire wall.

The Committee will be glad to consider this question of design

of fire walls further if the Association desires, but have not made
any change in the conclusion as presented at this time.

We present and recommend for inclusion in the Manual as

recommended practice in the matter of fuel oil facilities, the con-

clusions printed on pages 152, 153 and 154 of the Bulletin. These are

substantially the conclusions which were submitted last year, with

some slight revisions.

(Mr. Metcalf read the headings on pages 152 to 154.)

Vice-Chairman Hawk:—I move that these conclusions as shown on

pages 152 and 154, inclusive, be accepted and printed in the Manual.
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(The motion was carried.)

Vice-Chairman Hawk:—The next subject is Appendix "C," shown on

pages 155 to 157, inclusive, of Bulletin No. 271. The subject is "The
Ventilation of Engine Houses." Mr. L. P. Kimball is chairman of

this Sub-Committee and will present the subject.

Mr. L. P. Kimball (Baltimore & Ohio):—As the Chairman has

already said, the matter of this report as presented at this time

is information only. This is a new subject on which the Committee
has done work only in the past year, and as, it stands it represents

the views of the Committee on this subject, presented now in the

hope that it will provoke by either discussion or other means the

criticism or recommendations of the Association generally.

President Ray:—Is there any discussion on Appendix "C," which
is submitted as information?

Mr. J. L. Pickles (Duluth, Winnipeg & Pacific):— I notice that

there is a recommendation for the elimination of dampers in smoke
jacks. Is there any reason for this? In the cold climates this will

be wasteful of fuel.

Mr. Kimball:—The reason for that is based upon our experience

in the use of the dampers and the fact that in practical operation

they are not used as designed.

President Ray:—Is there any further discussion? If not, the

Committee is dismissed with the thanks of the Association. (Ap-
plause).



DISCUSSION ON RULES AND ORGANIZATION
(For Report, see pp. 159-240.)

Mr. W. C. Barrett (Lehigh Valley):—You will find the Commit-

tee's report in Bulletin 271, beginning on page 159. Before presenting

the* report in detail, I should like to make just a short statement

which I think perhaps will facilitate the handling of the Committee's

report.

As you all know, the Board of Direction instructed this Com-

mittee to, so far as possible, during this past year, collaborate and

cooperate with the other standing committees of the Association,

so as to harmonize the rules already in the Manual with the ideas

and wishes of the other standing committees so far as that is pos-

sible, and that the Committee has done. There are, therefore, very

few changes in the Committee's report from that already in the

Manual, the only changes being the minor ones agreed upon by

this Committee and the other interested standing committees.

As Chairman of the Committee I wish at this time to express

our very great appreciation of the fine spirit of cooperation which

we have found with the other committee chairmen and the othe^

committees. With very few exceptions they were very glad to go

along with us, and the Committee felt quite certain that where there

might be some exceptions, there were, perhaps, good reasons for

them. So that in presenting the report you can be certain that what

you already have in the Manual is almost identical with what we
are recommending here.

• In the absence of Mr. J. M. Fair, chairman of the Sub-Commit-

tee on Revision of the Manual, I will present that part of the report.

The Committee has just two subjects upon which to report.

(Mr. Barrett read the recommendations of the Committee, and

the headings in Appendix "A" with the following interpolations):

Interpolation No. 1 (page 179): Supervisors of Signals. I wish

to state at this point that our Committee appreciated very much

indeed the fine spirit of cooperation we found with the Signal Sec-

tion as represented by the Committee on Signals and Inter-

locking of the American Railway Engineering Association, and these

rules following are rules that were formulated in collaboration with

this Committee and our Sub-Committee, and it is our understanding

are approved by their association.

Interpolation No. 2 (page 184) : Telegraph and Telephone. I

wish also to express our appreciation of the fine spirit of coopera-

tion by the Telegraph and Telephone Section of the American Rail-

way Association. They appointed a special committee that met

with a Sub-Committee of our Committee and these are the rules formu-

lated, and have their approval.
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Interpolation No. 3 (page 193): Perhaps before leaving the

subject of rail I should mention in connection with Rule 723, that

in view of the fact that during this past year a longer rail than the

33-foot rail has been developed, the Committee will confer with the

Committees on Rail and Track and make whatever changes are

necessary in Rule 723 next year to conform to the necessary changes

for a longer rail.

Mr. Victor Angerer (Wm. Wharton, Jr., & Co.):—I would like

to call attention to Rule 831 and Rule 832. They correspond with

the rules now in the 1921 Manual under "Track," but these rules

were amended in 1922 when the Association adopted certain tables

for the widening of the gage and the necessary width of flangeways

on curves to pass various locomotives which are the factor that

governs the widening of the gage. The amended rules appear in

the Supplement to the Alanual, Bulletin 249, September, 1922, and

the tables therein referred to will be found in Bulletin 243, January,

1922, or in the Proceedings of 1922, Vol. 23, page 616. The first

paragraph of the amended rules reads the same as Rule 831, but

there are additions and changes to the subject-matter of Rule 832.

It would seem desirable that these rules be made to correspond with

the latest in the Manual and that a further warning be added that

when it is known that extra large locomotives with more than two
pair of flanged drivers operate over the curve, the tables should be

consulted.

Chairman Barrett:—The Committee is very glad to be corrected.

We thought we had all of these in accordance with the latest revi-

sion of the Manual. The Committee will be glad to make the cor-

rection so it will correspond with the revision.

Mr. Victor Angerer:—Referring to Rule 855, this is not applic-

able on curves when the gage is widened, as the same factors that

aflfect the gage alsof aflfects the setting of the guard rail. Some
warning should be put in that paragraph to that effect and the rules

and tables for gage and flangeways be referred to.

Chairman Barrett:—We hadn't reached that. The last para-

graph, I believe, was "Gaging." The Committee, as already stated,

will be glad to make the corrections to agree with the revised

Manual.

Mr. Victor Angerer:—If the gage has been widened, the 4-foot

5-inch distance given in Rule 855 will not hold good. It will only

apply to general conditions and standard gage, but not where the

gage has been widened.

Chairman Barrett:—We will be glad to make the necessary cor-

rections in Rule 855 to correspond to the changes necessary in Rules

831 and 832, so that will cover it.

Mr. A. H. Rudd (Pennsylvania Railroad System):—I would just

like to change one word in Rule 900 under Signals and Interlocking.
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I would like to substitute the word "clear" for "free," so it will

read: "The track should be kept clean and ballast kept clear of

rails."

Chairman Barretl:—The Committee has no objections to making

that change.

As that completes Appendix "A," Mr. President, I move you

the material shown in Appendix "A" be approved for printing in

the Manual as a substitution for that now appearing.

Mr. Bernard Blum (Northern Pacific):—Just a little bit of use-

ful information. The Committee on page 190 under "Bonding,"

recommends that power drilling machine be Used. I want to say

we made a record of an average of 350 joints a day with our power
drilling machine, about three holes a minute. We reached a maxi-

mum of four hundred joints for that.

Mr. F. J. Stimson (Pennsylvania Railroad System) :—I was not here

when consideration of this report was begun and probably my remarks

should have been made earlier.

The Committee's report is very complete and in general very

well prepared, but there are some things that I would like to call

attention to that seem to me inconsistent with what these rules

purport to be.

For instance, on page 170, Organization—Duties of Divisional

Maintenance Ofificers, Rule 300: the two or three paragraphs that

comprise that Rule 300, is matter that is explanatory, that organi-

zations on diflferent railroads will not be the same, and that the

rules that follow may not use the titles that are used by the rail-

road that might want to formulate rules using these rules as a guide.

It seems to me that this should be in the form of a note explaining

what is to follow along that line rather than to appear as a rule.

On page 177, Supervisor of Water Service, Rule 491. An al-

ternative arrangement is proposed there. It says, "and may also

have charge." That is not language that a railway would use in

putting out rules and regulations for their employees. One rail-

road would use the rule leaving out the last clause "and may also,"

another road would want the plumber to do that work and it would
say "and will also have charge of it."

That same comment applies also to Rule 499 on the following

page.

Page 186, Rule 660. It seems to me that this rule should be

omitted entirely, as the real instructions to the trackmen are in-

cluded in Rule 661. Rule 660 seems to be more in the nature of

a general argument with the railroad as to how they should set

up to do this work. Rule 661 is in general the form that would be

used by that railroad to tell their men what to do.

Page 188, Rule 706. The rule cannot be so stated, of course,

as to indicate to every railroad the language that each railroad
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will want, but it should be in a form that is definite, and I believe

that it should be set up as applying to some hypothetical railroad

and should say that the ends of ties on the east side or the west

side, whichever is chosen, on single tracks, should be lined parallel

with the rail.

In Rule 707 it states in the last sentence, "It is good practice

to adze ties requiring treatment before the preservative is applied."

That seems to me to be argumentative and not something that a

railroad would put in their rules to put in the hands of their track-

men. The management will determine that feature and the rule

ending without that sentence tells what you want to tell the track-

men, "Ties should be adzed only when necessary to obtain a full

bearing under rail or plate." The other work should have been done.

Then I find from there on that nearly all the rules (it is not

necessary to take them up in detail) use advisory words, they

"should" do so-and-so. In other places in these rules they say

"you must" do so-and-so, when they are rules of that nature, and

it seems to me that the rules should be carefully edited with a Aiew

of bringing together the same nature of information, in the same
general form of language.

Rule 725, on page 190, seems to me to be one that is not any-

thing like the form that a railroad would use
—"Except for very

sharp curves, sharper than are usually found in main line tracks,

rail need not be curved before laying." It seems to me that a rule

of this nature should state the degree of curvature below which it

is not necessary to curve rail.

There are other comments that are applicable to these rules

but they are all of the same general nature, except I notice that

on page 192, Rule 767 repeats almost the identical language used

in Rule 729 on page 190.

My only thought is that before these rules are printed in the

Manual, items of this kind should be thoroughly worked out and
duplicates cut out and the language brought tc something like

uniformity.

Chairman Barrett:— I might say in answer to Mr. Stimson's gen-

eral statement that these rules, of course, are only tendered as a

guide; it was absolutely impossible to make a rule that would fit

every railroad, and in the matter of organization, we only suggest.

With reference to the question of English, the Committee found

itself, when we began our work this year, faced with a rather big

job, and we assumed that the biggest part of that job was to collabo-

rate with the other Committees and secure their approval of what
was already in the Manual.

Practically all of these rules are now in the Manual and so we
determined we would not go into the minute details of English at

all this year, feeling that if we tried to go into the English of indi-
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vidual rules we would get nowhere, and it would take us so long we
would not have an opportunity to present the matter to the Associa-

tion, so that it is the intention of the Committee, beginning next

year, to go over the rules very carefully and so far as possible

eliminate any conflictions or any English that is not as elegant as it

should be.

Mr. R. C. Bardwell (Chesapeake & Ohio):—In the report on
Rules and Organization for Water Service Department Employees, ap-

pearing on pages 177, 178 and 179, no provision has been made by the

Committee for including water service repairmen. These positions appear

to be consolidated with "Water Service or Gang Foreman" and their

duties are outlined to some extent in Rules 498 to 504, inclusive.

The large majority of railroads have road mechanics or water

service repairmen in their organization, these positions having been

definitely recognized under the Railroad Administration. In my
opinion, the satisfactory handling of their work by the men in these

positions is one of the most essential features of a satisfactory Rail-

way Water Service Department. I do not think that we should in-

clude in the Manual a final report on this subject which omits the

subject of water service repairmen or road mechanics.

Chairman Barrett:—I might say in explanation of the fact that

the Committee has not a very considerable amount of material on

"Water Service," that we intend, with that particular portion of the

rules, as well as with the others, to elaborate on and put in addi-

tional information from year to year. We thought we had as much
this year as we could consistently present to the Association and

the matter now appearing here was gone over very carefully with

the Water Service Committee and has their approval, and we expect

to ask every Committee during the following year to give us their

suggestions as to further rules for printing in the Manual.

Mr. G. W. Rear (Southern Pacific Company) :—In looking over

these rules, I find there is a very large number of them that are

purely rules containing instructions. I wonder if it is the intention

of this Committee to ultimately provide a rule for every part of

work that any particular gang of men will do. We do not have

rules saying what the pile driver gang would do in the way of tear-

ing up a trestle, neither do we have rules showing how a carpenter

will put a lock on a door, but we do have rules showing how a

battery man will set up a battery and every other piece of equip-

ment pertaining to that part of railroad work.

It looks to me as though our rules are too elaborate and many
of the rules that contain only instructions should be put out in

different forms.

Mr. E. M. Grime (Northern Pacific):—I am thoroughly in accord

with the words of the last speaker. It seems to me that the Com-
mittee has included considerable that is merely instructions and not
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rules. As a member of the Water Service Sub-Committee I know
that we had considerable to do with the making up of these rules,

but it was our understanding that this Committee expected to

simply adopt our rules for water service, whereas they have taken,

in addition to the rules, part of the special instructions covering

operation of water facilities.

Chairman Barrett:—In trying to discriminate between instruc-

tions and rules it is hard to draw the line of demarcation and the

Committee did the very best it knew how, and so far as the rules

with reference to Signals and Interlocking are concerned, those were
gone over very carefully with the Committee on Signals and Inter-

locking, and as I stated awhile ago, met with their approval.

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) :—Mr. Chair-

man, I am sorry, but I have to take issue with the Committee on Rule

No. 1 : "Employees whose duties are prescribed by these rules must
provide themselves with a copy." The man who is the employing officer

should be the one responsible for supplying an employee with a copy of

the book of rules. It should then become the business of the employee

to familiarize himself with the rules. I believe it is a case of passing the

buck or attempting to do so, in putting that sort of a rule in your books of

rules, that the employee is responsible for supplying himself with a book

of rules.

I notice on page 170, Rule 278, regarding torpedoes. I believe

that rule is behind the times because most all motor cars, at least

most all motor cars that I am familiar with, are provided with

sweepers that will frequently knock the torpedo off the rail. I

would suggest that this rule be revised to read "Care must be exer-

cised to avoid running over torpedoes, but if torpedoes are exploded

or knocked off the rail by motor, hand, velocipede or push cars, they

must be replaced."

Following Rule 740 on page 190, I would suggest inserting a

rule which the Committee do not provide, reading about as fol-

lows : "A book record of the heat numbers should be made as soon

as rails are laid, and it should be kept up to date." All of you who
have searched for these numbers appreciate the value of the record

made while these numbers are new.

Chairman Barrett:—The first sentence in that we thought cov-

ered that absolutely. It reads as follows: "Accurate records of rail

renewals and all data of value in connection therewith should be

kept on prescribed forms." - That might be a book or whatever the com-

pany wanted to use.

Mr. C. W. Baldridge :—That probably covers it in a sense, but the

keeping of a record of these numbers is of so much importance I think

it should be referred to specifically.

There is one other rule, in regard to the operation of motor

cars on multiple tracks, which reads that when a train is met on
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an adjoining track, the motor car should, if practicable, be stopped.

I would like to have that made a little more positive. I do not be-

lieve there' are any cases but what it is practicable, but I would

hardly say stop, slow down or stop, while the train on the adjoin-

ing track is passing.

Chairman Barrett:—With reference to Mr. Baldridge's general

criticisms, I rhight say that the Committee felt that individual rules

which perhaps were not just exactly in accordance with the views

of everybody or perhaps even of the majority, would be taken care

of next year. The rules as they are here are almost identical word
for word with those now in the Manual which have been approved

by the Association. As I tried to explain a while ago, the Com-
mittee felt that if we went into detail and tried to change individual

rules we would not be able to get the matter presented to the

Association as we wanted to present it this year.

Mr. J. M. R. Fairbairn (Canadian Pacific):—Mr. Chairman, on

page 189 under Rule 122), I note that the temperatures are given

and the expansion spacing for each temperature. Would it not be

advisable to add to that something to tell how the temperature is

to be taken? There is nothing there at all to indicate whether it

is the temperature of the air or of the rail or how the temperature

is to be taken,

Mr. C. W. Baldridge :—The Track Committee is bringing in their

report this year a new table for expansion shims and taking care of dif-

ferent lengths of rail, and I think that it will be in order for the rule

which is placed here to be revised in another year to conform with-

whatever is adopted on the Track Committee's recommendation.

President Ray:—The Chairman of the Committee has already

stated that they expected to do that this coming year.

Mr. C. W. Baldridge:—I am speaking in reference to what the gentle-

man spoke of, Rule 723.

Chairman Barrett:—We will be very glad indeed in revising that

rule next year to include what Mr. Fairbairn suggests.

Mr. Maurice Coburn (Pennsylvania Railroad System):—It seems

to me that the Committee has done a lot of very valuable work and

we should manifest our appreciation of it. There is one thing to be

remembered in connection with this work, that this Manual is to

be used as a guide for individual railroads in preparing their own
manual and that it is better for them to err in having too much
than too little.

President Ray:—Any further discussion? All those in favor

of adopting the resolution that the material on pages 160 to 216,

inclusive, be included in the Manual in place of that which now
appears, let it be known by the usual sign. Contrary. The mo-

tion is carried.
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Chairman Barrett:—Appendix B will be found on page 217.

Mr. Barnhart is chairman of the Sub-Committee and will present

that portion of the report.

Mr. E. H. Barnhart (Baltimore & Ohio):—Rules 220 to 257 en-

titled "Rules for the Guidance of Employees in Electrified Terri-

tory" were prepared upon the suggestion of Mr. Katte, the Chair-

man of the Committee on Electricity, in collaboration with that

Committee. I will read the headings. These are to be inserted under

the proper numbers preceding "Rules for the Operation of Motor,

Hand, Velocipede and Push Cars," as shown in this Bulletin on

page 168.

(Mr. Barnhart read the headings of Appendix B, with the fol-

lowing interpolations) :

Interpolation No. 1: The rules as shown on pages 220 to 225,

under the general heading of "Conduct of Work," are at present in

the Manual but these are to be substituted for the text that is now
therein.

Interpolation No. 2: I desire to call attention to the note at

the top of page 225, following the heading Water Softeners. Refer-

ence is there made to the definitions found in the Manual under

the Committee on Water Service, pages 625 to 628.

Interpolation No. 3: Page 22, "Rules for Inspection of Build-

ings." Before we take up this subject, I might state that since the

subject matter has been printed, we have been in communication

with the Committee on Records and Accounts and it is desired to

make several corrections in order to meet their wishes.

In Rule 4 on page 225, the words "on the proper form (1)"

should be changed to read "on the prescribed form." The same
correction should be made in the third line from the bottom of

page 225, Rule 6.

On page 226, under the heading "Field Inspection," in Rule 11,

in the second line of the rule, a similar change should be made.

In Rule 14 under "Records," eliminate "Form 3" and similar

elimination should be made in Rules 15 and 16 of "Form 4" and

"Form 5."

Under the heading Rule 17 "Forms" should be changed to read

"prescribed forms are recommended for the use of," instead of

"the following forms, etc." and the numbers in parentheses follow-

ing should also be eliminated. The forms shown on pages 228, 229

and 230 should be eliminated.

This is done as the Records and Accounts Committee expect

to submit other forms after collaboration with this Committee.

Chairman Barrett:— I move you the material found in .\ppcndix

B be approved for printing in the Manual.

(The motion was carried.)
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Chairman Barrett:—Appendix C begins on page 231 and will be

presented by Mr. Barnhart. This material is presented for informa-

tion only.

Mr. E. H. Barnhart:—The material as found on pages 231 to 240 in-

clusive, is substantially the same subject matter as was printed last

year, for information. This material has been discussed with repre-

sentatives of several different railroads and it represents the best

information available. If any other railroad representative has addi-

tional information on this subject we will be only too glad to re-

ceive same.

President Ray:—If there is no discussion on Appendix C, which

is to be received as information, it will so stand.

This completes the report of the Committee. It is to be con-

gratulated upon the large amount of work which it has done during

the year and which has been so well presented to us. It is dismissed

which the thanks of the Association. (Applause.)



DISCUSSION ON IRON AND STEEL STRUCTURES
(For Report, see pp. 277-289.)

(Mr. J. M. R. Fairbairn, First Vice-President, in the Chair.)

Mr. O. F. Dalstrom (Chicago & Northwestern):—The report of

the Committee on Iron and Steel Structures is given in Bulletin 271,

on page 277, and following. The Committee submits to the Asso-

ciation the report on five subjects for action.

(Mr. Dalstrom read the five subjects on page 277.)

Chairman Dalstrom:—The first subject, "Revision of Manual,"
is divided into four parts, (a), (b), (c) and (d). The four parts are

outlined on page 279. I will read part of the recommendation and
abstract the remainder.

(Mr. Dalstrom read part of the report on page 279, with the

following interpolation) :

I will go a little into detail here. The policy of the Committee
has been at all times to work as closely as practicable to the specifi-

cations of the A. S. T. M. for materials, and with this in view a con-

ference was held with the proper committee of the A. S. T. M. in

January, 1924, at which time a revised specification for materials was
adopted by both that committee and the Committee on Iron and
Steel Structures. It was believed at that time that the revisions

as adopted by the committees would be approved both by the

A.R.E.A. and the A.S.T.M. It was adopted by the A.R.E.A. in con-

vention in 1924, and all of it except one note was adopted by the

A.S.T.M. This makes it necessary to introduce a slight revision

now in one of the notes in our specifications. Tliis is explained in

the last part of first paragraph on page 279, reading as follows:

"The changes were the result of a conference, etc." , . . The
Committee's recommendation is given in the second paragraph on
page 279, which reads as follows:

(Chairman Dalstrom read paragraph 2 of page 279.)

Chairman Dalstrom:—The only revision is the addition of that

last clause "except as to the footnote to Table II."

The next revision of the Manual is in the Specifications for

Steel Railway Bridges, Article 38, which has to do with unit stresses.

The inset paragraphs at the bottom of page 279 read as follows:

(Chairman Dalstrom read the paragraph beginning "Revise

Article 38 by substituting," etc., also the paragraph beginning "The
abovementioned values for shear and bearing," etc.)

Chairman Dalstrom:—The difference between the two clauses

is as follows: The floor connection rivets are eliminated from the

list subject to reduction, as it is assumed that the impact formula

provides all the rivets necessary; and, in addition, the revised clause

defines what constitutes power-driven rivets.
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The next revision of the Manual is simply an omission from the

present Manual by reason of the adoption of the General Specifica-

tions for Erection of Steel Railway Bridges, which replaces that

portion of the Manual which is to be omitted. This is shown on the

top of page 280. I should have added that two subjects have been

passed upon which necessitated this elimination. One is the adoption

in 1923 of the Specifications for the Erection of Steel Railway

Bridges, and in 1924 the adoption of the Classification of Bridges for

Operating Purposes.

Mr. President, I move the adoption of the revisions of the

Manual as recommended.

(The motion was carried.)

Chairman Dalstrom:—In outlining the work on Revision of

Manual, I presented first that portion which was to receive the

action of the Association.

I now come to the two paragraphs in our report which deal with

work which is under way, but upon which action by the Association

at the present time is not required. We have under tests and study

the efifect of punching and reaming on steel. This is being carried

on under the direction of Professor Dufour at Lafayette College.

The work has not yet proceeded far enough to justify conclusions,

and the information is given here to show that the work is still

under way and making progress.

The other subject is the Bearing Pressures on Large Rollers,

which is being studied under test by Professor Wilson at the Uni-

versity of Illinois. These tests have been under way for about two
years and have been progressing very well. It will require at least

another year of intensive work to reach conclusions on this subject.

Subject No. 2 in this report is the Specifications for Steel High-

way Bridges, Appendix B, on page 281, of Bulletin 271.

These specifications were submitted as information to the Asso-

ciation at the convention of 1924. Beginning about that time, the

Committee on Iron and Steel Structures arranged for a conference

with the A.S.C.E. and the American Association of State Highway
Officials and the American Institute of Steel Construction, with a

view to harmonizing the three sets of specifications that were then

before the profession in an unfinished form, with a view to elim-

inating unnecessary differences. The work has not been completed,

and it looks as if there would be at least another year's work before

the Sub-Committee can turn in a report which the Committee can act

upon. It will depend on how fast they work this year whether these

specifications will be ready to be included in the Manual next year.

However, I wish to call attention to the fact that the specifications

as reported in 1924 will be found in the Proceedings of the last con-

vention and criticisms are invited on the tentative specifications as

they appear there.
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Mr. President, the report on Specifications for Steel Highway Bridges

is presented as information.

President Ray: — I will be so received. Is there any dis-

cussion on the subject? If not, you may proceed, Mr. Dalstrom.

Chairman Dalstrom:—The next subject is tlw; report on "Rules

for Field Inspection of Existing Bridges," Appendix C. This is

submitted as information. This report has been under preparation

for about two years, and while the Committee believes that it is in

reasonably complete form, it is submitted at this time as informa-

tion, with a view to having it appear in the Proceedings and open

to discussion, so that at the end of this year it can be prepared for

including in the Manual next year. This report begins on page 282

and extends to page 288. Mr. President, this report on Rules for

Inspection of Existing Bridges is submitted as information.

President Ray:—This is an interesting subject and we will be

glad to have discussion on it if any of you desire. It should not

be overlooked that during this year the Committee will want your

written comments on these instructions so that when they appear

here a year from this spring with a definite recommendation to have

this work included in the Manual, they will have had the benefit of

your views. The report will be received as information.

Chairman Dalstrom:—The next subject is the report on Tests

and Study of the Behavior of Bridge Pins, and is submitted as

information. This is a series of tests which has been under way

actively for about a year. It actually was started about two years

ago. There appears to be at least another year's work ahead of

this Sub-Committee before any definite conclusions can be reached

as to the proper specifications for bridge pins. The tests are being

conducted under the direction of Professor Dufour at Lafayette

College, and the tests, to begin with, are to be made on pins of

3-inch, 4^-inch and 6-inGh diameter. Complete tests will be made

on pins of that size and the result of those tests will determine

whether or not it will be advisable to proceed to carry out tests on

pins of larger diameter.

Mr. President, this portion of the report is submitted as infor-

mation.

President Ray:—Any discussion? If not, the report will be

received as information and the Chairman may proceed.

Chairman Dalstrom:—The last subject is the report of Column

Tests, Appendix E. This appears also on page 289 and is simply

a summarized statement of the present status of this subject. I

wish to say that we have had an active Sub-Committee on Column

Tests for some years. The Committee has co-operated with the A.S.C.E.

committee in every way, with a view to avoiding overlapping of work, and

making use of information and results obtained by the A.S.C.E. They
have also kept in touch with the work being done by the Bureau of
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Standards. To some extent the work done by the Bureau of Standards

has been in co-operation with the A.S.C.E. and A.R.E.A.

At present, the work of Committee XV is somewhat in abey-

ance, as the A.S.C.E. has a committee very active on this subject,

under the direction, of Dean Turneaure of the University of Wis-

consin, who is also a member of Committee XV and of our Sub-

Committee on Column Tests. At his suggestion and on his recom-

mendation, the work in Committee XV on this subject has been

deferred with a view to permitting his committee of the A.S.C.E.

to get their work in such shape that the present available informa-

tion will have been studied and digested, and a program for tests

outlined for the future. As soon as Dean Turneaure advises that

he has reached that stage in his work we are ready to begin active

work in co-operation with the A.S.C.E. committee.

Mr. President, this part of the report is submitted as informa-

tion, and completes our report.

President Ray:—Is there any discussion on this part of the

report or the report as a whole? If not, Appendix E will be ac-

cepted as information and the Committee will be dismissed with

the thanks of the Association. (Applause.)



DISCUSSION ON ROADWAY
(For Report, see pp. 419-436.)

Mr. C. M. McVay (New York Central) :—The Roadway Com-

mittee report is found in Bulletin 272, page 419. The Committee

reports on six subjects. The first subject assigned was revision of

the Manual and the fourth subject assigned was to revise the

Grading Contract, working with Committee on Uniform General

Contract Forms. This revision was necessarily a revision of the

Manual and the two subjects were, therefore, consolidated. The

report on this subject is found in Appendix "A," and Mr. Wrenshall

will submit the report of this Sub-Committee.

Mr. J. C. Wrenshall (Reading Company):—This report of the

"Revision of the Manual" and of the "Revised Grading Contract"

was prepared by Sub-Committee No. 3 in collaboration with the

chairman of the Sub-Committee in charge of that special feature in the

Uniform General Contract Forms Committee.

On page 33 of the Manual you will find certain rules laid down
under "General Conditions," and we feel that some of it should be

omitted because they are more properly placed and described under

the Construction Contract. In taking the articles as they appear,

we suggest revision of several.

(Mr. Wrenshall read articles 69, 70 and 71, both present and proposed

form.)

(Mr. Wrenshall read the present form and the proposed form,

Article 72, Snow and Ice.)

Mr. Wrenshall:—You will note that in the original form the

contractor was required to remove all snow and ice, and it is the

opinion of the Committee that it is not necessary to remove all of it.

We suggest omitting Article 73, because it conflicts with para-

graph 11, page 959. That is in the contract and covers preservation

of the stakes.

We suggest omitting Article 74, because it conflicts with para-

graph 5, page 958.

Article 75, Temporary Roads, Trestles, etc., has been rewritten.

Article 76, Final Clearing Up. We suggest that be omitted

entirely, as it conflicts with paragraph 23, page 961, of the contract.

Article 77, Extra Work. We suggest omitting that, as the con-

tract very clearly defines the matter of extra work and the cost

thereof.

(Mr. Wrenshall read Articles 78-82, with the proposed changes.)

This report does not cover all revisions in the specifications that

should be made, but merely revision of clauses conflicting with the

construction contract. The Committee expects to go into this further

and completely eliminate all reference to the contractor in the specifi-

cations, making these specifications cover only instructions as to how
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the work should be done. The specifications will then cover the

work only, no matter by what agency performed.

Chairman McVay:—The Committee recommends that the report

as shown in Appendix A be accepted and printed in the Manual.

President Ray:—You have heard the motion. Is there any dis-

cussion on the question? If there is no discussion, all those in

favor of these changes being made in the Manual as recommended

by the Committee under Appendix A, let it be known by the usual

sign. Contrary. It is so ordered.

Chairman McVay:—The second subject reported on by the Com-
mittee is found in Appendix B, page 423, Economics of Filling Bridge

Openings. This subject was before the convention last year and was

sent back to the Committee for further investigation. Mr. Wrenshall

was also chairman of the Sub-Committee considering this subject. We
will ask him to present this report also.

Mr. Wrenshall:—This report was submitted at the Twenty-fifth

annual convention, but, as our chairman said, it was returned to

the Committee for further consideration. Your Committee, how-

ever, has not been able to develop any arguments that would justify

any radical change in the report as originally submitted. We are,

therefore, presenting it again with certain additions and elimina-

tions, but the general character is practically the same.

(Mr. Wrenshall read the last two paragraphs under Appendix B
on page 423, Bulletin 272.)

Mr. Wrenshall:—In presenting this report, the Sub-Committee
desires to state that they are not making an estimate of the life of

the so-called permanent structures; whether or not they are, in fact,

permanent is an open question. No one can say that a properly con-

structed concrete culvert will last only seventy years, it might last

one hundred, two hundred years, or indefinitely. The same may be

said of a plate girder bridge if maintained properly. The question

of the probable life of a permanent structure is a matter for indi-

vidual determination. The term permanent structure is supposed

to mean permanent if properly maintained.

With those remarks you can easily follow the compilations

shown upon pages 424 and 425 of Bulletin 272. I desire to call

attention to a slight typographical error in the descriptive text, col-

umn four, about the middle of the paragraph, where you will see in

parenthesis 6 per cent on $772 equals $43.32; that should be $722,

not $772.

At the convention last year your Committee asked that the

members give to the Committee during the ensuing season written

opinions upon the subject as presented last year, and while it is true

we received one or two inquiries, we did not receive any large or

constructive criticism until the end of February, when we received

a very fine criticism and an enlargement of our report from Mr.
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Metcalf, of the Missouri, Kansas & Texas. It is unfortunate that we
did not receive it in time to have it incorporated in this report as

presented today, because we feel that Mr. Metcalf's presentation of

the matter is very well done. You will notice that in our report

we show approximately twenty descriptive columns. Mr. Metcalf's

report sliows twenty-four columns ; in other words, he shows four

more sub-divisions of supporting data. While we do not necessarily

feel that our omissions were to be criticized as not being sufficiently

clear, on the other hand we feel that the presentation given by

Mr. Metcalf is very excellent. We also received a discussion from Mr.

E. A. Frink, of the Seaboard Air Line Railway, which was large in scope.

Unfortunately this was received after the Committee had sent in its

report for printing, but it will be given due consideration in the prepara-

tion of the revision this year.

Mr. Chairman, I move that the report as presented be received

and printed in the Manual.

Mr. H. C. Crowell (Pennsylvania Railroad System):—I wish to

object to the inclusion of pages 423, 424 and 425 in the Manual.

In the first place, there are several typographical errors on page

424 and page 425 not yet mentioned by the Sub-Committee chairman.

These typographical errors make it rather difficult to follow the

thought of the Committee, but I puzzled through it and I think I

have interpreted correctly what they mean. It seems to me that

they have thrown away entirely the theory of the annuity for-

mula. There is only one method that I have been able to find that

will give correctljr the annual cost of any structure, and that is by
use of the annuity formula. The annual cost of a structure is not

merely the interest on the investment nor is it that interest plus the

cost of the structure divided by the expected life. It is much more
complicated than that, but at the same time we are Engineers and

we do not need simplicity to the extent that we have to discard the

annuity formula. Now all of this was gone through with at the last

convention and I suggest that the report be sent back to the Com-
mittee again so that it will square with the other report mentioned
on page 423 ; that is, the report of the Committee on Wooden Bridges

and Trestles, which I believe is strictly correct.

Mr. C. C. Cook (Baltimore & Ohio):—Mr. Wrenshall was kind

enough to let me see a copy of the report before I came to the con-

vention this year. I was one who opposed the acceptance of the

report last year on the same ground that Mr. Crowell opposed it,

and I quite agree with Mr. Crowell that there should not be adopted

by this Association . a straight line formula.

In the Tie Committee and in the Wooden Trestles Committee

we have approved statements based on the annuity principle, and it

is a very vital thing in this particular tabulation. For instance, in

the first example on structure No. 79, where the Committee in
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column 16 explains the annual depreciation as $1,799 divided by
seventy, or $2.70, if you will compute it by the annuity formula you

will find it is $1.87. It makes a very distinctive difference, and I am
not as much concerned about the figure as I am about the principle.

I think it is a wrong principle and should not be accepted.

There is another feature that I drew attention to last year; that

was the column headed "Accounting." In explanation of columns

18 and 19 they refer to property retired and replaced, taken from

column 7. Column 7 is headed "Cost of Renewing Existing Structure

in Kind." The Interstate Commerce Commission classification re-

quires the ledger value of the structure retired as the amount that

shall be charged to operating expenses, less, of course, any salvage

or any amounts in the depreciation reserve accounts, plus the cost

of the removal of the structure.

I do not think we should approve of anything that is in conflict

with the Interstate Commerce Commission" classification of Operat-

ing Expenses. Those remarks I made last year, but the Corhmittee

considered them small, T believe; however, I present them again.

Chairman McVay:—The Committee talked a good bit about the

report and went over it considerably, and there seemed to be quite

considerable objection to giving up the straight line method figured.

If it is the desire of the convention that we use the annuity method

or the sinking fund method, the Committee will be glad to revise the

report on that basis. We want to give it to you the way you want

it, but we did not want to leave the straight line method, because

it was, in our minds, much simpler in figuring out, for the Super-

visor or somebody of that kind, who wanted to give you something

to show what he was thinking about.

Mr. J. E. Willoughby (Atlantic Coast Line):—The annuity

method of accounting has no place in the replacement program.

The cost of replacement is borne by moneys which the railroad com-
pany has or borrows, and not by accounting credits. It is not the

intention of any railroad company to provide a fund in order to

procure sums of mOney for future replacements. Under the I.C.C.

classification the railroad company will capitalize whatever the cost

of the new structure may be over and above the original cost of the

original structure retired, except certain items for cost of main-

taining traffic and certain other operating expenses. The straight

line method is the sensible way of getting at the comparative cost

to the railroad company of replacing a structure of temporary nature

with a more permanent one.

Mr. H. C. Crowell:—This is not a question. of accounting; it is

a question of common-sense and dollars and cents, and there is no

doubt about it. If you put money into something it is going to

cost you interest. To be consistent, we should adopt the straight

line formula throughout our Manual and throughout the reports of
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the Tie Committee and the Committee on Wooden Bridges and
Trestles, or else the annuity method. This is not a question of com-
puting the cost of certain structures or the replacement of any one
structure.

Mr. Wrenshall:— I want to say for Mr. Crowcll's benefit the

Committee is fully informed as to the features he has brought out

and has given them very careful consideration. If you will refer to

Article A, page 297, of the Manual, you will find an analysis of the

formulas. If you will refer to the Committee's report, page 108 of

the Manual, you will find the same thing worked out under the

total annual cost by this other committee. I just want to bring out

these facts so you may not think we had overlooked them.

Mr. C. C. Cook:—Will the Committee accept those two formulas

to which you just referred?

Chairman McVay:—As I see this matter, it is a question of the

annuity formula or a question of the straight line formula. The
Committee is willing to figure out either way or both, but when we
do that we want to be ready to express our preference and we are

not thoroughly prepared to do that now. We figured on the straight

line method because we thought that was the one that was adapt-

able and the error in it was not serious enough to make much differ-

ence. Therefore we stayed, with this straight line method, and, as

I said before, we want to present this to the convention so that it

will be accepted. If the convention will not accept the straight line

method, we will present it with the other method.

Mr. H. C. Crowell:—Will Mr. Cook state again the difference

between the straight line method and the annuity method in the

particular case he investigated, so that we may see whether or not

the difference is substantial?

Mr. C. C. Cook:—I worked only one of them, and did it hur-

riedly this morning; I worked that first instance in the table, that is,

structure No. 79, and the difference is: by straight line $25.70 an-

nually, as the Committee have computed it; by the annuity method it

is $1.87. Now, if you are dealing with a hundred-thousand-dollar
structure instead of a thousand-dollar structure, as the Committee
did, you are getting a real difference in annual cost, something that

amounts to a considerable figure.

As I understand it, the Committee has adopted this straight line

method rather as a matter of simplicity and does not see much dif-

ference so far as the practical result of the comparison is concerned,
as between the annuity and the straight line method.

Now, almost every Engineer has access to an annuity table, and
he probably could pick it from there more readily than by using the
straight line method. It is not a question of working out a formula.

Chairman McVay:—Quite a number of the members of the
Committee are firmly of the opinion that Mr. Willoughby expressed
A
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so ably; none of the railroads that we know much about have a

sinking fund, or a fund that these yearly amounts are put into to

provide for the renewal of any structure when the time comes to

renew it, and I am satisfied quite a number of the members of the

Committee agree with the sentiment that Mr. Willoughby expressed,

but we are not ready to recommend either way ofifhand at present,

and if it is all right with the Association, the Committee will make
this proposition: we will submit this material as information at this

time and a year from now we will come back with it and try to

work it out in both ways, and at that lime express our preference, if

we are able to get together on one, as to the method.

Mr. W. H. Woodbury (Duluth & Iron Range and Duluth, Mis-

sabe & Northern):—I want to throw in one thought. In the first

place, we are starting with an estimate on assumptions, and if you
will start with those bases and then endeavor to end with very close

figures you are performing an absurdity. In the first place, no Engi-

neer can estimate the cost of these two comparative propositions

absolutely; there is a certain amount of inaccuracy and our purpose

was merely to give a ready way of arriving at something like a

reasonable conclusion.

Now, as Mr. McVay has said, we can use these finer formulas

and come out with a somewhat different result, but after you have

done so you are not certain that you started right.

Mr. C. C. Cook:—Mr. President, I dislike to be insistent upon
this thing, but there are some other points that were brought out

that I think it makes it an important thing as a matter of principle.

I will agree there are very few railroads who have any deprecia-

tion on fixed property, but depreciation of fixed property is a sub-

ject that is now being discussed between the railroads and the Inter-

state Commerce Commission, and I suppose we are all well aware of

its importance, and of the possibility it may be established. If it is

established, it ought to be established on correct bases. I do not

think that this Association ought to have anything in its Manual

(and this is proposed for the Manual) that suggests the use of the

straight line method of depreciation.

Mr. W. H. Woodbury:—May I also suggest that if that is estab-

lished it will be revised frequently and from the time you start the

structure until you finish you are liable to be just as nearly correct

with one formula as with the other.

Mr. Maurice Coburn (Pennsylvania Railroad System):—It looks

to me as though this Association can well aflford to establish the

correct principles and have us thinking straight; if we try and recom-

mend these short cuts, it is misleading. It is the same thing as using

the speed curve, instead of having an arbitrary figure for rise and

fall in figuring the value of different grade lines. We do not very

often attempt to make a speed curve as we should, but only if w.
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realize the inaccuracy of the other methods can we use them safely.

It seems to me we should go slow in accepting this report.

Mr. Chas. S. Churchill (Norfolk & Western):—! think that the

Committee's suggestion is the correct one under the circumstances,

for this reason: the Interstate Commerce Commission will probably,

inside of a year, reach a conclusion on this matter, because they them-

selves are anxious to and have had in mind for some time the

revision of the accounting system, and they naturally will not post-

pone it very much longer. I think this Committee would do well,

therefore, simply on that ground, to hold it over until that revision

has been completed. That revision would include this matter, as I

understand it, of handling fixed property depreciation, and you know
that the railroads have quite a different opinion from the committee

of the government on that subject, so there is a very broad question

involved. I think we would do well, under the circumstances, to

hold this over.

Mr. Wrenshall:—Mr. Chairman, I withdraw my motion that this

report be accepted and printed in the Manual. I, however, want to

say to Mr. Coburn that it was not the intention of the Sub-Committee to

make any short cuts. This report was not worked out on the short-cut

principle. We thought that we had covered every possible feature that

could be presented.

Chairman McVay:—The Committee moves, therefore, that this

report be received as information and the Committee take it back, to

be reported on again next year.

President Ray:—The Chair would suggest that you do not fail to help

the Committee, if you have any further discussion, by presenting j'our

views to them in writing or in any other way you see fit. The report will

be accepted as information.

Chairman McVay:—The third subject reported on is corrugated

metal culverts for railroad purposes. Report of this Sub-Committee
is found in Appendix C, page 426. This is a progress report given

as information. Mr. Woodbury, who is chairman of this Sub-Com-
mittee, will say a word about the report.

Mr. W. H. Woodbury:—When this subject was assigned to the

Committee it did not seem to be such a very big subject, but the

more the Committee investigates it the larger it looms up. There
are so many different phases that we have to investigate. In the

first place, corrugated metal culverts are the subject of a great

many trade controversies. We can find perfect corrugated metal

culverts of three or four diflferent types, according to the manu-
facturer's story, and we have to be very careful in investigating this

subject to investigate it without bias.

One of our chief troubles in getting information is that those

reporting are themselves very much biased as a usual thing. We
find one group of men reporting culverts as practically one hundred

per cent satisfactory. They will submit quite a list of installations
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which have proven satisfactory over a period of four, five, ten or

fifteen years, depending upon the dates of installation. We find

another group of men who say they do not think very much of

corrugated metal culverts, but when it comes to giving concrete,

definite facts, we can get nothing. We ask that we be given instances

of failures, so we can investigate and find the causes of failure, and

if possible develop some method of overcoming them, but as yet we

have received so little information that we can draw no conclusions

from it whatever.

The Committee desires this Association to make it a point to

give us any information whatever about failures of corrugated metal

culverts. There are failures, we know. We want information regard-

ing" all failures, so that we can analyze them and determine the

cause of failure. It does us very little good to get a large amount

of information about successful culverts only.

The Committee at first were very much in doubt as to whether

or not this might be considered a permanent structural material.

We are beginning to think it is quite probable that it may be so con-

sidered under proper conditions. The period of time which this type

of culvert has been used is so brief that, of course, we cannot judge

from the length of time it has been in service. I think the longest

service records we have are less than twenty years. That would

hardly be considered as permanent, but the records of some of those

culverts that have been in the longest show they are in practically

perfect condition. Whether that will be the condition twenty, thirty

or a hundred years hence no one can say.

In regard to failures, there must be a cause for every failure.

Unless you gentlemen furnish us with information by which we can

analyze these failures, we cannot hope to get very far.

There is another phase that has developed in our investigation

which will be of interest not only to the users of corrugated metal

culvert pipe but to anyone who is interested in earth pressures.

The Armco Culvert and Flume Manufacturers' Association is financing

a series of investigations under our direction. We are responsible for

their accuracy and are supervising them with the expectation of de-

veloping something that will be very valuable in determining the pres-

sures on rigid pipe culverts, flexible pipe culverts, retaining walls,

etc. In making these tests the Goldbeck cell will probably be the

best means of obtaining reliable information. Your attention has

been called to the fact that we have some Goldbeck cells out in

the lobby installed to show arch pressures. We also have one there

set up so that you can weigh yourself with it. If you will take the

trouble to test the accuracy of that one cell it will show you how
much you weigh to within a couple of pounds. Having an instru-

ment by which pressures can be determined to that degree of

accuracy, will enable us to determine these pressures and settle
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much of the controversy which has been going on for many years

regarding what happens under a bank, over a rigid culvert, over a

flexible culvert, etc.

In our printed report we state that the Pennsylvania had ar-

ranged for the installation of these tests. Unfortunately the con-

struction work where they were to be installed, has been deferred.

However, the Illinois Central has come to our rescue and the

installations are being made on their new line in Southern Illi-

nois. By this time next year we hope to be able to give you some

definite information as to the pressures on pipe, both rigid and

flexible, under embankments of different heights, beginning with ihe

green bank and continuing until it has settled for some considerable

time. We hope to carry on these investigations for a number of

years and determine what happens while the bank is seasoning

during four, five or six years.

President Ray:—This is presented as a progress report and as in-

formation, and will be so accepted. If there is any discussion, we
would be glad to hear it.

Mr. Z. M. Briggs (Pennsylvania Railroad System):—I was down
at the Coliseum this noon and I saw two different types of cor-

rugated metal culverts, one was castiron, the other was the sheet

iron. I thought it might be well to suggest that this report, as I

understand it, applies only to the sheet iron type. •

Chairman McVay:—That was the way it was originally recom-

mended, that is the way it was given to the Committee. The way
we had to go into it to get anything out of it, it seems that we
will take it all in before we are through—any kind of corrugated

culvert, the rigid and flexible also.

President Ray :—Mr. McVay, you may proceed with your report.

Chairman McVay:—The next subject. No. 5, Unusual Methods of

Handling Slips and Slides, Appendix D, page 429. Mr. Parsons,
chairman of the Sub-Committee, will say a word about it.

Mr. O. V. Parsons (Norfolk & Western):—In connection with
an inquiry which we sent out, some roads went to considerable
length to give methods of handling slides and water pockets, but
none of these could be considered unusual. We have nothing to

report on that subject, but we do wish to call the attention of Mie

members of the Association to the common practice of building

up a roadbed shoulder with impervious material. This is usually
left to the section foreman and he secures this material at any point
that is convenient. In most instances it is clay or some material
that will not drain the ballast. We suggest that this material be
cinder, rock or something of that character. The ballast in some
cases can be depressed in the roadbed, which gives the same con-
dition, and we suggest that some proper drainage be used where
this impervious material exists.
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President Ray:—If there is no discussion, it will be received as

information.

Chairman McVay:—The next is (6) Methods of Keeping Down Dust,

Appendix E, page 430. Mr. Smith, chairman of the Sub-Committee,

will say a word about this report.

Mr. E. M. Smith (Boston & Maine):—The results simply amount
to information, as you will notice. There has been a great diversity

of opinion regarding the practicability of dust prevention by oiling

the roadbed, and on many roads the work has been merely experi-

mental. I think the use of stone ballast would be the most satis-

factory solution of the dust problem, but that, of course, is not

always practicable.

I will not take up any more of the report except to call your

attention to a typographical error on page 431, the third line from

the bottom, where it speaks about a "nominal amount of rainfall."

This, as you can see, should be a "normal amount of rainfall."

President Ray:—This part of the report is to be received as

information. Is there any discussion? If not, the Chairman may
proceed.

Chairman McVay:—The final subject reported on is (7) Water-

way, Channel and Bank Protection, found in Appendix F. Mr.

Bayer was the chairman of the Sub-Committee, but he is not here.

However, I will say that this subject is one which the Committee

has had for several years, and they have tried to develop from

different angles the different kinds of methods used in caring for

wash and scour along the right-of-way and damage from creeks and

ditches. This report is merely presented as information together with

the pictures which are with it on this subject.

President Ray:—Is there any discussion on this part of the report?

If not, it will be received as information, and the Committee is dis-

missed with the thanks of the Association. (Applause.)



DISCUSSION ON SIGNALS AND INTERLOCKING
(For Report, see pp. 291-371.)

Mr. F. B. Wiegand (New York Central):—Committee X submits

report on the following:

Revision of Manual. This report is submitted for approval. The
revised version is to be substituted for the present recommendation

in the Manual.

Automatic Train Control. This report is submitted as infor-

mation.

Signals for Highway Crossing Pro.tection. This report is also

submitted as information.

Regarding assignment (4), this Committee conferred with Com-
mittee XII, as was indicated by its Chairman at the morning session,

and we also conferred with the Committee on Signs, Fences and

Crossings, calling their attention to the urgent necessity of a standard

crossing sign of the crossbuck type for use in connection with high-

way crossing protection. This matter is further referred to in the

report on Highway Crossing Protection.

The chairman of the Sub-Committee, Mr. B. T. Anderson, will

handle the reports, Revision of the Manual.

Mr. B. T. Anderson (Chesapeake & Ohio):—This report contains

various recommendations in reference to revision of the Manual, so

far as it relates to Signals and Interlocking.

(Mr. Anderson read the report on pages 292 and 293 of Bul-

letin 272.)

Chairman Wiegand:—I move the report be approved and that

the revised version be substituted for the present recommendations

in the Manual.

(The motion was carried.)

Chairman Wiegand:—Automatic Control will be presented by

Mr. J. A. Peabody, Chairman.

Mr. J. A. Peabody (Chicago & Northwestern):—Commencing on
page 317, we have started a study on automatic train control. As the

time is short, I will not take up your time in reading any portion of

the report, but I want to call your attention to two things. We have

divided the subject into different parts, but are only reporting on:

(a) The purpose of train control and historical data, and (f) to what
extent may wayside signals be omitted in train control territory.

We have done a great deal of work on the other subjects and
particularly on definitions. It is surprising the number of new terms

and words that have come up in connectictn with this subject that

have yet to be defined. Then follows automatic train control his-

torical data. A good deal of that is for the purpose of bringing out

the reasons why the railroads did not take kindly to this proposition

in the first instance, and sometimes not even now.
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One thing that I call your attention to is on page 320. The Rail-

road Administration committee formed in 1919 reported on seventeen

devices and on page 326 we call your attention to the fact that of

those seventeen devices there are but six that are being seriously

considered to-day. Some of those have gone by the w^ayside com-

pletely, in the meantime.

On page 333 we outline the organization of the American Railway

Association committee. It was a joint committee of mechanical,

operating, signal and engineering department men to consider this

subject and handle it for the railroads as a whole. That committee

is actively occupied to-day, and if anyone wants information up to

date we would suggest you write directly to the Secretary of that

committee, Mr. G. E. Ellis, who is thoroughly posted on the latest

developments.

On page 339 we give you a portion of the Transportation Act

amended in 1920 and something of the action of the Interstate Com-

merce Commission and of the railroads. By some oversight we failed

to give the first order of the Commission. That will be put in as

historical matter for the coming year.

On page 341 there is an analysis of accidents, which calls atten-

tion to the comparatively few out of the total number that can be

taken care of by train control.

On page 342 there is one statement that should be corrected. It

refers to the Commission refusing to inspect an installation. Since

this was written, the Commission has changed its stand and has

inspected and reported on that installation.

There are a large number of other changes which could be given

and which will have to be corrected each year because of the rapid

progress.

There are a few facts that are perhaps up-to-date and might be

of interest to you. There are now four permanent installations of

train control in service. There are fourteen under construction,

fourteen preliminary installations in operation or completed, and ten

preliminary installations under construction. There are still three

roads that have entered into contracts only, but have not started

the installations in any way, although at the time the order was

issued there were but three installations of train control in operation,

those three all being of the ramp type. Of the forty-one roads that

have since entered into contract, there is not a single one that has

gone to the ramp type. They have gone to the induction type. From

a hasty analysis I find that twenty-five have gone to the continuous

and sixteen to intermittent inductive.

On page 357 we have given our first report of any moment. This

was written only six months ago and was based on all the informa-

tion we had at that time. We are now reconsidering it, because at

that time we only had definite information about three-speed con-

tinuous control devices, while since that time the one and two-speed
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have been developed. Therefore, tlie conclusion in this case, as with

the rest of this report, is that it is all for information.

Chairman Wiegand:—I move that this report be received as

information.

The President:—You have heard the motion. Is there any dis-

cussion? We will be glad to hear from any of you at this time.

You will remember that last year the Association made a special

request that this Committee give us something on automatic train

control. Now they have come through in fine shape. They have

presented at lot of valuable information to us and it is well worth
our consideration.

Mr. J. L. Campbell (Southern Pacific):— I wish to express my
appreciation to the Committee for this interesting and valuable report

on Automatic Train Control, and I am sure that I voice the senti-

ment of the Association.

This Committee on Signals and Interlocking is an important

Committee of this Association. The American Railway Engineering

Association covers the whole field of railway engineering, of which

signaling and interlocking and automatic train control are a part.

Consequently, this Committee will continue to serve a u.sefnl purpose

ir this Association because the Manual of the Association should

cover the whole field of railway engineering and our .Manual should

not be minus recommended practice as to signalintf and interlocking

and the development of automatic train control. This Committee
will serve as a point of contact with the Railway Signal Association,

which is the Signal Section of the American Railway Association.

It does not follow that this Committee need undertake to duplicate

the work of the Railway Signal Association, but if in its wisdom it

sees fit to bring to this Association the results of the work of the

Railway Signal Association with recommendation that it is material

suitable to go into our Manual, I think the Association will be glad

to receive it and the Railway Signal Association will receive proper

credit. It is important that this Committee and its work in this

Association be continued so that our Manual will be complete in

every particular.

Again I wish to thank the Committee. (.Applause.)

The President:—Is there any further discussion? If not, this

part of the Committee report will be received as information and the

Chairman may proceed.

Chairman Wiegand:—Report on Signals for Highway Crossing

Protection will be presented by Mr. A. H. Rudd, Chairman.

Mr. A. H. Rudd (Pennsylvania Railroad System):—There is a

correction to be made in this rci)ort on page 361, the quotation marks
be eliminated in the last three paragraphs, and on page 362 the quota-

tion marks eliminated in paragraphs one, two, three, and six. On
page 364, the second line "non-production" should read "non-produc-

tive." On page 365, the table of fatalities and injuries is apparently
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at variance with the statistics on motor vehicle accidents, in that it

shows that in 1920, 1791 killed at grade crossing accidents, whereas

the statistics on motor vehicle accidents show 1273. For 1920, '21,

'22 and '23 there are apparently about 500 more killed in the upper

table than under the statistics on motor vehicles. The reason of that

is that the grade crossing accidents under fatalities and injuries

comprise all grade crossing accidents, and under motor vehicle acci-

dents, killed at highway grade crossings, only those killed in auto-

mobile accidents. In other words, there are approximately 500

pedestrians killed each year, so that notation must be made under

grade crossing accidents, "all killed," and under statistics on motor

vehicle accidents, killed at highway grade crossings "in automobiles."

At the foot of the page, killed at protected crossings, 312, and at

unprotected crossings, 1047 covers those killed in automobiles in the

year 1922.

On pages 369 to 370 are given the specifications for highway
crossing signals.

These, you will note, are not exactly like those adopted last year.

The Committee has made some changes, and these specifications will

be submitted to the Signal Section meeting Thursday next. There
may be some additional changes. We expect the report will be

included in the Signal Section Manual during this coming year, and
that it will be accepted on that basis and presented here next year.

The A.R.E.A. now has a standard crossbuck sign with an eight-

foot arm. We have recommended a four-foot arm with arms at right

angles in order that these signs may be placed in the middle of the

highway and carry the flashing lights. A great many highway com-
missions and a great many railroads have had them so placed. We
have no objection to two signs as long as we maintain the crossbuck sign,

and I understand that with the Committee of the Operating Division it is

immaterial as long as the crossbuck sign is reserved.

As stated in this report, there have been excellent papers pre-

sented at different times. One paper presented by Mr. R. H. Ford,

May 19, 1924, to the Western Society of Engineers, is well worth
reading.

In order to bring this up to date, I would suggest that those at

all interested in this subject—and it is an interesting subject—obtain

from the Conference on Street and Highway Safety, Department of

Commerce, Washington, D. C, a report of the First National Con-
ference on Street and Highway Safety held there December IS and
16, 1924, with Hon. Herbert Hoover chairman.

I will read one or two sentences from this report. "Elimination
of grade crossings, either by relocation of highways or rail lines or
by grade separation, constitutes the only perfect solution of the grade
crossing problem. It should be carried on under a proper program,
first eliminating the most dangerous crossings on thoroughfares carry-

ing heavy traffic. This is made difficult by the enormous costs involved,
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and, if attempted on a wholesale scale, would impose an excessive

financial burden, resting in the last analysis upon the public. It is,

therefore, necessary that the program, having due regard to the rela-

tive costs and advantages of grade-crossing elimination and other

methods of protection, be given the most thorough joint consideration

by proper authorities. In laying out new highways, the question of

so locating them as to avoid railway grade crossings to the greatest

possible extent should be carefully considered."

"Properly designated State commissions should be empowered to

designate dangerous grade crossings at which motorists must stop.

The ehmination and protection of grade crossings are of such impor-

tance and involve to such an extent the public safety as to require

that priority be given to them in the allocation of capital funds by

the railroads and of public monies for highway building, over expendi-

tures for other safety measures designed to protect the public."

Chairman Wiegand:—I move this report be received as infor-

mation.

The President:—This is a very important question, protection of

highway crossings until such time as we get them eliminated. If

there is no further discussion, the report will be received as infor-

mation.

Before dismissing the Committee I want to repeat to the Association

what I said this morning, that is: If the members can possibly stay over

until Friday and attend the Signal Section meeting, they will find it well

worth their while. You should do it for your own good, and you will find

it will not only help you, but it may later be the means of helping the

Signal Section. That is what we want to do—work together. In dis-

missing this Committee, I wish lo again express the Association's appre-

ciation of the very fine report they have presented to us this year.

(Applause.)



DISCUSSION ON WATER SERVICE
(For Report, see pp. 373-418.)

Mr. C. R. Knowles (Illinois Central):—The report of the Water
Service Committee appears on page 373 of Bulletin 272. The Com-
mittee was instructed to study and report on eight subjects; two of

the subjects as assigned, namely, revision of the Manual, and drinking

water supplies, are standing subjects and are continued from year

to year. A final report is submitted on three of the remaining subjects

and progress reports on the balance.

The first subject, revision of the Manual, Appendix A, merely

refers to the work of the Committee in connection with the Com-
mittee on Rules and Organization and the results of its labor have

been included in the report of that Committee. We will continue

to cooperate with the Committee on Rules and Organization in future

work on this subject.

Appendix B appearing on page 375 is a report of the Committee
on Drinking Water, which is a study of progress of regulation of

federal and state health authorities pertaining to drinking water sup-

plies and includes the matter on page 375 and page 376. In the

absence of Dr. Beach, chairman of the Sub-Committee, I will, ask

Mr. Pierce to deliver the report.

Mr. A. B. Pierce (Southern Railway):—In the absence of Mr.

Beach, I simply wish to call attention to the progress made by this

standing committee. The American Public Health Association urges

all concerned to cooperate in the adoption of an acceptable program
with regard to methods of testing and interpretation of results. The
railroads are and should be actively interested in this matter. Please

refer to the conclusions as found on page 376 of Bulletin 272.

Chairman Knowles:—It is moved this report be received as

information.

Mr. Joel I. Connolly (U. S. Public Health Service) :—The Sur-

geon General of the United States Public Health Service, who is

charged by Congress with the duty of supervising water supplies

used for drinking purposes by common carriers engaged in interstate

traffic, was in the hotel this morning and had hoped to be present

at this meeting but was called away to Washington at one o'clock

this afternoon, so he asked me to express to the Association his

appreciation for the cooperation of this Committee in the considera-

tion of the drinking water standard and the other work which it

has done.

The Public Health Service has derived a considerable amount
of help both from this Committee and from the joint committee of

the A.R.E.A. and the A.R.A. It is hoped that we may continue to

enjoy the cooperation that we have had in the past. There are some
other phases of sanitary engineering, which are not directly in the

1292



Discussion 1293

field of water supply, which the public health service would like to

have considered by the American Railway Engineering Association,

such as mosquito control, and rodent control in the prevention of

the spread of plague, and it is hoped that the Association may see

fit to take up some of these questions in addition to that of water
supplies.

The President:—Any further discussion? If not, this part of

the report will be received as information and the Chairman may
proceed.

Chairman Knowles:—The next report appears on page 377,

Appendix C, I'itting and Corrosion of Boiler Tubes and Sheets. This

is a progress report and in the absence of Dr. McDonnell, chairman
of that Committee, I will ask Mr. Bardwell to present the report.

Mr. R. C. Bardwell (Chesapeake & Ohio):—The report of the

Committee on Pitting and Corrosion of Boiler Tubes and Sheets is

given on pages 377-78-79. You will note that it is a progress report

only, outlining the studies made by the Sub-Committee during the

past year. The various factors which influence the corrosion of

boiler tubes and sheets have been assigned to individual members
of this Sub-Committee for check and observation, but it is considered

too early to draw any definite conclusion and make a final report

on any of these various subjects.

The factor appearing to have the most important bearing on the

retarding of corrosion was the question of over-treatment with caustic

soda, report on which appears in the second and third paragraphs on

page 378. A formula is given for over-treatment with caustic soda

which is figured to be safe and reliable for the practical prevention

of corrosion in locomotive boilers. You will doubtless note that this

is a flat contradiction to the reports which have appeared in technical

journals, advising that water should not be over-treated with caustic

soda, as it is claimed to cause brittleness of the steel. This effect

has not been noted in any way whatever in locomotive boilers, and
your Committee feels that it has no bearing on the subject, at least

for railway use. For the present, it is the recommendation of the

Committee that, to retard pitting and corrosion, the water should

be over-treated with caustic soda, as outlined.

I move that the report be received as information.

The President:—This part of the report, Appendix C, is recom-

mended by the Committee to be received as information. Any dis-

cussion on the subject? If not, it will be received as information

and the Chairman may proceed.

Chairman Knowles:—The report of the Committee on the cost

of impurities in locomotive water supply and the value of water
treatment appears on page 380. The work as assigned to the Com-
mittee really consists of three different subjects, each of which is

a large study in itself. The Committee, in making its report this
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year, is reporting on the subject of value of water treatment only.

.1 will ask Dr. Koyl, chairman of this Sub-Committee, to present

the report.

Dr. C. H. Koyl (Chicago, Milwaukee & St. Paul):—Even as the

title appears on page 380, it still contains two subjects; the first is

the cost of impurities in locomotive water, which logically means

the difiference in cost between using ordinary locomotive water and

perfect water; the second subject is the value of water treatment,

which is our method of reducing these unsuitable waters to as near perfect

water as possible.

Fifty years ago, or a little more, the Master Mechanics' Asso-

ciation made a careful three-year study of the average cost of main-

taining and operating locomotives in what we call good water

territory, such as there is in the mountains and in most of New
England, and the cost of maintaining and operating locomotives in

what we call bad water territory, which is the ordinary country of

the prairies and wherever there is hard water. That is still the best

method of determining the cost of impurities in locomotive water.

The figure deduced at that time, the time of small locomotives, and

applying only to the cost of fuel and repairs, was $750 per locomotive

per year.

This Association some years ago made a careful determination of

the cost due to the limestone in the water, which produces scale in

the boiler. We find that their determination that a pound of scale

in the boiler costs in the end seven cents, or at present prices thirteen

cents, is quite accurate if the waters which the locomotive takes are

all of approximately the same class, all hard waters. But if the

locomotive passes over a division taking some hard waters and some

soft waters, the soft waters loosen the scale, the boilers begin to

leak and then the influence of the leaking on coal consumption is so

great that the thirteen cents no longer is enough to account for the

damage done.

During the past 27 years we have practiced methods of treating

these waters so as to reduce their unsuitability as far as possible;

At the present date various railroads use various methods of treating

water and it is impossible to make an accurate determination of the

value of water treatment, but we have done the best we could to

gather the information available.

Because on any one division locomotives may be changed from

one year to another, the waters may be different from one year to

another, various things may happen to change the cost of operation

aside from the influence of having changed the water from raw water

to treated water; because of all these things, we have endeavored

to safeguard our conclusions by comparison with nearby divisions

in which the water was not changed, hoping that thus we would

balance the changes in water from year to year, the changes in other
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things from year to year, excepting only that one division would not

have its water treated and the other would.

The conclusions are presented in the report, and where water

has been treated we find that if the water is comparatively simple,

say 14 or 15 grains of limestone per gallon, the improvement in

operating and maintaining the locomotives due to the treatment of

the water amounts to approximately $1600 per locomotive per year.

As the waters get worse the cost of operating them without treat-

ment increases, the value of water treatment increases, and we reach

figures for very bad water, covering repairs, fuel, etc., of some $4000

per locomotive per year; if we include also, which is very important,

the improvement in the operation of the division we are justified in

doubling these figures and have the evidence to prove that the saving

amounts to some $8000 per locomotive per year.

I wish to call attention to the tables that are presented on pages

385 and so on, in which we compare the expenses of operating and

maintaining locomotives, first on the Illinois Central Railroad on

one division, where the water was not treated, and on another division

where the water was treated; the same on the Chicago, Milwaukee

& St. Paul Railway, and including on page 390 a relatively careful

determination of the saving made per switch engine in Minnesota

by treating the water at the station where the switch engines worked.

Then at the last, on page 396, is presented the most striking

case that we have in the country, the El Paso & Southwestern,

which had 128 miles of very bad water and did away with this by
bringing mountain water down in its place. The cost was very

great, more than a million dollars, but on this strip of 128 miles,

the saving amounts to about half a million dollars per year.

At the time this report was written, I had not been able to

learn the number of locomotives working on that 128 mile strip, but

we made an estimate (it was a guess, really) of 25 locomotives,

from which we computed a saving of $20,000 per engine per year.

I have since had opportunity to visit the El Paso & Southwestern

and I find that this piece of bad water country belonged to two
separate engine districts, engines came to it from both ends, and

the total number of engines was 65 instead of 25, and, therefore, the

figures which we gave here of saving, $20,000 per engine per year,

should be changed to $8000 per engine per year, which is approxi-

mately the figure determined in the case of the Chicago, Milwaukee
& St. Paul Railway by including not only the cost of repairs, fuel,

etc., saved but also a portion of the operating expenses saved.

In the matter of the tables from the Illinois Central Railroad,

shown on pages 385 to 389, the Sub-Committee has recalculated the

tables to show the difference between the year 1921 and the average

of 1922 and 1923, thus eliminating the year 1920 and using in the

comparison only the years of management by the owners of the
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railroad. Calculated in this manner, the St. Louis Division, with no

water change, shows an increase of expense of $2241.07 per engine

per year; and the Iowa Division, changing from hard to soft water,-

shows a decrease of expense of $783.17 per engine per year; and, add-

ing these figures, there results a difiference of $3024.24 per engine per

year in favor of the Iowa Division instead of the difference of $3440.48

shown in the original tables.

On account of the huskiness of my voice I haven't been able to

state all of this, Mr. Chairman, and if there is anything that should

be added I will ask you to add it.

Chairman Knowles:—I think Dr. Koyl has covered the report

as to details. The remainder of the report speaks for itself. As
previously stated, this is not a final report and so far we have only

been able to determine that the figures prepared by a former Com-
mittee on Water Service, in 1914, are essentially sound and they are

safe estimates, as stated in this report, for the reason that they are

under-estimates.

Mr. D. A. Steel (Railway Age):— I am sorry I did not get in

sooner in order to inform the Chairman of my resolution, though a

member of the Committee, to discuss this report. There was con-

siderable difference of opinion expressed in a recent session of the

Committee regarding the acceptability of this particular report, even

for its presentation to the Association as information, and it seems

to me that this difiference of opinion is of a kind to deserve mention

here, and I have prepared a statement to read in order to expedite

the discussion and avoid any errors that I might make should I

attempt to speak extemporaneously on the subject.

Contrary to the findings of the Committee, then, I rise to ques-

tion the acceptability of this report as presented. My objections, if

it will please the Association to hear them, are confined to the man-
ner in which certain statistics concerning the operation and mainte-

nance of locomotives have been used in determining the value of

water treatment. These statistics and the remarks relative thereto

arc presented in the pages beginning with 383.

Briefly, the Committee presents what purport to be annual operat-

ing statistics covering the cost of operating and maintaining loco-

motives over the period of four consecutive years on each of two

divisions of the Illinois Central—one, the Iowa Division, where

extensive water treatment was carried out during the last two years

of the four-year period, while the second group of statistics are for

the St. Louis Division, a territory of equal mileage where water

conditions were left unchanged during the four-year period. With the

assurance given you that, except for the water improvement work
on the Iowa Division, the conditions on each division continued the

same, relative to each other, you are asked to believe that the eflfect

of the water treatment on the Iowa Division is determinable by



Discussion 1297

comparing the statistics of this division witli that division where

conditions were not changed. This determination is accomplished

in the following manner: First, the total costs per locomotive for

the two years previous to the water treatment on the Iowa Division

are averaged, also the cost per locomotive for the two years after

water treatment, whereupon the difference between these two averages

discloses a reduction in the cost of locomotives for the last two-

year-period of $3536. The same procedure on the St. Louis Division

where no water treatment was inaugurated shows a reduction in the

costs per locomotive of but $95. It is then represented that the differ-

ence between these values, about $3400 per locomotive, represents the

saving on the Iowa Division from water treatment.

Now, upon this statement of the case, the conclusions of the

Committee unquestionably make a strong appeal for endorsement.

The ponderous array of ofificial statistics all classified and neatly com-
piled, the inclusion of an unusually attractive map which represents

extended labor, the presentation of the report by a committee of engi-

neers of experience, a seemingly logical integration and a final result

that compares with values found elsewhere in the report, all con-

tribute to produce this efifect. When it is also felt, as I think all can

feel, that in presenting this information, the Committee has been

sincere of purpose, it may very well seem a little ungracious to ques-

tion its acceptability. Yet with equal sincerity, I cannot bring myself

to accept this determination as proof of the conclusions you are asked

to endorse. Furthermore, I am inclined to think you will agree with

me as we proceed witli the discussion, else I would not bring the

question up.

In the first place, I seriously question the accuracy of the basic

statistics, not for all purposes to be sure, but for the purpose under

consideration. It may seem illogical, on first thought, to contend that

a system of statistics that are correct for some purposes are not cor-

rect for others, but it has been the misfortune of many to learn that

this is indeed the case. Little experience is needed to remind us that

this is particularly true in a field as complex and involved as a rail-

road. It must be agreed that even such statistics as are prepared for

the Interstate Commerce Commission are subject to empirical deter-

minations in the more minute details, when they involve costs, as they

do here. This is inevitable where the money charged out is not actually

handled but where, instead, the charges are based, in large part, on
average costs and where adjustments are made in accounts. This

does not mean, necessarily, that total expenditures are not all

accounted for, but it docs put us on guard against accepting the item-

ized figures as absolute in their value, and particularly on our guard
where figures over consecutive years are compared. It would seem
only reasonable from this understanding of statistics in general that

such inaccuracies would be encountered in the figures presented.
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An examination of the actual figures which are presented fails to

dispel this suspicion. If we examine the reported costs of water per

locomotive given on page 386, for instance, the cost on the Iowa

Division for 1922, the first year after water treatment, is found to be

less than the reported cost for 1921 by over $3000, although in that

period, according to information presented to the Committee, about

300,000,000 gallons of water were treated, which must have increased

the cost by $15,000 or more, while on the St. Louis Division where no

water change was made the cost of water per locomotive for 1923 was

$20,000 greater than in the preceding year.

The reported charges for coal afford a better illustration, as indi-

cating the presence of seeming irregularities, if we accept for the

moment the averages submitted by the Committee. By referring to the

tables it is shown that whereas the average cost of coal per engine on

the St. Louis Division was $8567 for the first two years, it was $8776

for the second period or an increase of $209, while figures furnished

the Committee giving (1) the average cost of coal per ton during each

period and (2) the tons used, when converted into costs show a cost

of $8244 for the first period and $8952 for the second period, or an in-

crease in cost of coal per locomotive of $708. It is evident from this

that an irregularity exists somewhere which should be explained

before the statistics are used.

During the period covered by these statistics moreover the rail-

roads were under federal control; a coal strike and a shop strike were

suffered and undoubtedly many changes in prices, etc., took place

which might readily be expected to cause basic irregularities.

But it is argued that these irregularities in charges, if present,

together with the effect of any changes of consequence made in oper-

ating conditions, are reconciled by comparing the figures of the two

divisions, upon the hypothesis set up that except for the water treat-

ment, the effects of any changes, including wage rates, tonnage, etc.,

were the same on both divisions. If it is actually true that two divi-

sions are comparable in the present investigation, I can conceive per-

haps that equal changes might effect proportionate results, but I can-

not believe this about inaccuracies in the basic figures. It seems that

no greater fallacy could be constructed than to assume that accurate

conclusions can be obtained from inaccurate figures and assuredly it

could hardly be expected that equal inaccuracies would be made in

different years and on different divisions. Surely we must first elimi-

nate such inaccuracies before proceeding.

But it is possible even that there is that comparable condition

between the two divisions which is assumed in this undertaking? In

the absence of further explanation than we have been given, the tables

themselves do not seem to establish it. Indeed, they seem to indicate

quite the contrary. It may readily be agreed that as far as the policy

of administration goes and as to the mileage, such a parallel condition

may exist, but other conditions, it seems, must be considered, such as
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grades, climate, improvements, tonnage, etc., before we can proceed

on this theory. When the map is examined it develops that instead

to finding the divisions adjoining, as the report states, they are sep-

arated by what appears to be at least 200 miles, one traversing the

prairies of Iowa, the other located down in the coal mining region

near Kentucky. The map discloses further that the divisions are far

from similar in their arrangement. Nor is this all that the report dis-

closes about these divisions. The tables disclose that whereas there

were but 90 engines operating on the Iowa Division, the number was
200 on the St. Louis Division, and as was disclosed in Committee
meetings, the tonnage per freight locomotive was widely different on

each division as well as train mileage. Now when these conditions

appear in the report itself, I feel it requires a more convincing argu-

ment than a mere expression of opinion to establish such a relation-

ship between divisions as will warrant the assumption that changes

on the divisions produced like effects on both even if these changes

were equal, especially in the absence of a supporting statement from the

mechanical department.

But there are also indications in the tables that changes were

made which instead of being equal for both divisions, as assumed,

were markedly unequal. One illustration of this is an increase of 20

locomotives on the St. Louis Division, to but 5 on the Iowa Division

during the period considered. Again, according to figures submitted

by Mr. Walter of the Committee and unchallenged so far as I know,

the gross ton miles per freight locomotive increased 9.6 times as much
on the St. Louis Division as on the Iowa division, while the car miles

per passenger locomotive increased 2.6 times more on the Iowa Divi-

sion than on the St. Louis Division. I have previously mentioned the

apparent decrease in the cost of water on the Iowa Division per loco-

motive notwithstanding water treating costs and the substantial in-

crease on the St. Louis Division where conditions are reported to

have been left unchanged. These may also be taken to indicate an

inequality of changes between the divisions.

But let us see what a study of the reported fuel charges on each

division reveal, since it is largely from the reductions shown in fuel

consumption that the reported savings from water treatment are

derived. The report gives in separate form the total costs of coal for

the yard engines, the passenger engines and the freight engines for

each year on each division, together with the number of engines

involved in each instance. When these charges are expressed in terms

of the costs per engine in each case, and these charges per engine

adjusted roughly to a uniform cost per ton of coal, using for this

purpose the only figures given the Committee on the prices of the

coal per ton over the period, a group of values are produced as

shown in the accompanying table, where the increase or decrease

between the adjusted costs per engine of each class per year are also
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recorded. Aside from disclosing for every class of engine on the

Iowa Division a greater reduction in fuel consumption before water

treatment than took place after water treatment, an examination of

this table discloses, first, that the cost for yard engine coal on the

treated water division actually increased over $600 during the first

year of water treatment and decreased only slightly in the following

year, while it decreased over $600 on the untreated water division

during both years of the treated water period; second, that the cost

for passenger engines on the treated water division decreased slightly

in both treated water years, while on the untreated water division the

cost increased as much as $2300 per engine during the first year only

to decrease an equal amount in the second year; and third, that the

fuel cost for freight engines on the treated water division decreased

slightly during the first year of water treatment only to increase

about $900 during the second year of treated water, while the cost on

the uiitreated water division increased over $1900 during the first year

of the period and only about $400 in the second year. While these

values are only approximations in view of the inexactness, for this

purpose, of the price quotations, they suggest that appreciable influ-

ences were at work, other than water treatment, which were not equal

on both divisions.

FUEL COSTS PER ENGINE ON 1920 BASIS

Iowa Division

1920 1921 1922 1923

Per yard engine $ 6400 $ 5500 $ 5850 $ 5630

Coal per ton $3.00 $3.00 $2.86 $2.86
Adjusted cost $ 6400 $ 5500 $ 6142 $ 5911

Difference $ —900 $ +642 $ —231
Per passenger engine $11720 $10070 $9300 $8620
Adjusted cost $11720 $10070 $9765 $9051
Difference $—1650 $ —3(T5 $ —714
Per freight engine. .$14600 $11400 $10600 $11500
Adjusted cost $14600 $11400 $11130 $12075
Difference $—3200 $ —270 $ +945

St, Louis Division

Per yard engine $ 7440 $ 5210 $ 5500 $ 6300
Coal per ton $3.17 $3.17 $2.97 $2.97
Adjusted cost $7440 $5210 $5830 $6678
Difference $—2230 $ +620 $ +848
Per passenger engine $10360 $ 9800 $10500 $ 9000
Adjusted cost $10360 $ 9800 $12130 $ 9650
Difference $ —560 $+2330 $—2480
Per freight engine. .$10420 $8850 $10200 $10600
Adjusted cost $10420 $8850 $10810 $11240
Difference $ —570 $+1960 $ +430

What the situation is with respect to changes in terminal facil-

ities, grades, etc., must be left to conjecture.
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But assuming that all these seeming imperfections in the determi-

nation have been reconciled, there remains a question in my mind
concerning the method by which the tables have been interpreted.

The Committee has adopted the practice of totaling all costs, and as

described at the outset of this statement, averaging the total for two
years. Now, Engineers will agree, I think, that the law of averages,

like other rules, has its limits, which limits depend largely upon the

result it is desired to get. Where the rule can be applied, it reconciles

irregularities. Thus we speak of compensated errors in chaining, and
regularly average yearly conditions where several years are involved.

But it is obviously an error to average 20 miles of two per cent down
grade with 20 miles of two per cent up grade and say that the 40

miles are equivalent to level track. So also where there is a wide dis-

parity in figures they might not permit of averaging. A short while

ago I indicated the irregularities in the costs of coal for yard engines,

passenger engines and freight engines when compared with each other

and when compared over the four years. This condition, it seems to

me, puts in question the correctness of grouping all these figures

when determining absolute values of water savings. But there is a

greater objection than this. In averaging the total costs per locomo-
tive on the Iowa Division for 1920 and 1921, two values have been
averaged which differ from each other by about $5500 or nearly twice

the size of the difference which is disclosed between the averages for

the two periods. In view of this, the Committee agreed to leave out

of consideration the year 1920, but when this is done the difference

between the 1922-1923 average and the cost for 1921 is only $780

instead of $3536—the figure mentioned in the report.

Finally, we are asked to believe that the value of $3300 represents

the effect of treated water on the Iowa Division. But this would be

the saving per locomotive on a division (1) which had already been
getting 18 per cent of its water treated, and (2) is to be attributed to

the increase of this treated water only to 54 per cent of the total

water used, and (3) by only seven plants which were (4) installed

only on one section of the division. With 90 engines employed the

total savings in these plants would be $318,000 or 230 per cent of what
it actually cost to build the seven plants, notwithstanding their

distribution.

Now, Mr. President, I want to emphasize that in excepting to

this report my purpose is not to show that savings were not obtained
from water treatment on the Illinois Central. On the contrary, I

most certainly believe that attractive savings were made. Neither is

it my argument that such statistics as have been presented here can-

not be used for determining savings from water treatment or that

comparisons between divisions cannot be made or even that the two
divisions in question are not comparable. My argument is simply
this, that such statistics and methods as have been used here ought
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not to be used until we are made certain that all reasonable questions

relative to their suitability have been settled. In other words, I do

not feel that we are presenting here data which a responsible Engi-

neer would submit to an exacting department head—the sort of rule

I think which should be followed if we are going to protect our best

work from the disrepute that might readily result from the effect of

our less well considered work, and if we as a Committee are going to

do our share in building up and sustaining a high respect for the Asso-

ciation's work by the railroads and other interests in general.

Chairman Knowles:—Not having had the opportunity of reading

Mr. Steel's paper, we could not discuss it at length, even if time

would permit. It seems that Mr. Steel is under the impression that

we are comparing divisions. Rather this is a comparison of com-

parisons, if you will permit me to use the term.

The Committee has done an enormous lot of work on this sub-

ject. They produced these figures, and they are presented to the

Association as mformation. There is nothing in the report that

would lead one to believe that these figures should be accepted as

final. I might say that the figures for 1924 have been assembled and

that we will continue to assemble them in the future. It is only rea-

sonable to assume that the treating plants were an important factor

in the decreased cost of locomotive repairs and operation, as shown,

particularly in view of the fact that a similar decrease did not take

place on the other divisions.

We are not prepared to say that all decreases were due to the

treatment of water, the tables being merely presented as information.

I presume Mr. Steel intends to present this as a minority report.

The high point in his paper appears to be the fact that the divisions

were two hundred miles apart. It was necessary to go that far away

to get a division where the water was untreated and where conditions

were similar to the treated water divisions.

We merely ask you to accept this as information, not as conclu-

sive. We would like to have the work reassigned to the Committee

with a view of making a final report.

Mr. M. Coburn (Pennsylvania Railroad System):—It seems to me
that this is about the most important subject that we have and that it

indicates where the Engineers can do more for the immediate good

of the railroads, more than almost anywhere else. The value of water

softening is so intangible that the operating man and a good many of

the motive power men do not appreciate what it means. It takes

figures and convincing demonstrations to make the ordinary operating

officer see what we can do for him in this way. On most of our rail-

roads in the bad water country there is no way where we can get a

bigger return on small investment than by giving good water. I have

been very much interested in the report, and we appreciate that it

has involved an enormous amount of hard work. I think the informa-
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tion is very valuable. I do think Mr. Steel's contention and informa-

tion adds considerable value to the report, because it is going to help

us to keep from making unwarranted conclusions. We must be very

careful about making assumptions from incomplete information in

this respect.

I hope the Committee in later years can diflferentiate between the

different impurities. We are trying on our road to assign a value to

hard scale, soft scale, soluble salts and mud and use those in trying

to get some idea of what we can afford to spend to improve the

quality of the water.

I hope the Committee will feel we appreciate the hard work and

that they will do more for us.

(The motion was carried.)

Chairman Knowles:—The next report is under Appendix E on

page 397, Study and report on the use of lead as compared with sub-

stitutes for joints in cast iron pipe. This is a final report on this sub-

ject and it is presented as information. Mr. Olson is chairman of that

Committee.

Mr. E. H. Olson (Atchison, Topeka & Santa Fe) :—I will not

attempt to read the whole report. It is the same as last year's report

except that a bibliography has been added and the conclusions have

been revised.

(Mr. Olson abstracted the report on page 400.)

Chairman Knowles:—It is moved that this report be accepted as

information.

President Ray:—Is there any discussion? If not, it is so ordered.

Chairman Knowles :—The report appearing under Appendix F is

merely a progress report.

On page 401, under Appendix G, is a report on hydraulic rams

for use in Railway Water Service. This is a final report and is sub-

mitted as information.

President Ray:—Is there any discussion on this report? If not,

it will be accepted as information.

Chairman Knowles:—The next report is under Appendix H on

page 408, the relative economy of different methods of pumping
water, considering the use of steam, electricity and oil pumping out-

fits and the purchase of water as compared to pumping. This report

is presented as information.

Mr. H. M. Lull (Southern Pacific):—On page 415 of this report

certain conclusions are drawn. I should like to inquire whether these

are intended to apply to all kinds of wells, that is, shallow, deep, and
under different pumping conditions or only to apply principally to

shallow pumping with low head. It seems to me there is some ques-

tion about their applying to pumping wells 500 to 1000 feet deep.

Chairman Knowles:—The conclusions as presented by the Com-
mittee are drawn largely from the reports or rather summary of tests
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of the different methods of pumping on page 414; they are general

statements and not intended to cover any particular condition. Of
course, it is recognized by the Committee there may be conditions

where one method would be more economical in one case and another

method in another case. These conclusions are necessarily more or

less general.

Mr. Bernard Blum (Northern Pacific) :—I noticed on page 410, under

Steam Pumping Stations, the Committee has drawn conclusions that

this method of pumping is one of economy and has made the state-

ment that the vertical boiler is efficient as to evaporation pounds of

water per pound of coal. That does not seem to me as being quite

true of the average boiler in the steam pumping plant. I have had

occasion in the past year to make a large number of estimates for

changing out steam pumping plants. Some of the savings are so

great in changing from steam to electricity or oil engines as to be

almost unbelievable.

Chairman Knowles:—Let me say that that is a typographical

error. It should read "inefficient."

President Ray:—Is there any further discussion? If not, this part of

the report will be received as information.

Chairman Knowles:—The next and final report appears on page

415, Appendix I. The Committee reports progress on the subject.

There was considerable confusion in the minds of the members of the

Committee as to just what was to be included in the report. I think

it is cleared up now, however, and we expect to make a report on this

subject next year.

President Ray:—If there is no further discussion, the Committee

will be dismissed with the thanks of the Association. (Applause.)



DISCUSSION ON ELECTRICITY
(For Kcport, see pp. 241-276.)

Mr. E. B. Katte (New York Central) :—The Board of Direction this

year has assigned to the Committee on Electricity twelve subjects, includ-

ing the revision of that part of the Manual over which the Electricity

Committee has jurisdiction, and the outlining of work for the ensuing

year. Of the other subjects but one is in shape for final action. Progress

reports are made in five instances, and four other reports are submitted

merely as information.

The first Sub-Committee to report is that charged with the revision

of the Manual, and this year the only change in the Manual that will be

recommended is the acceptance as recommended practice of the Specifica-

tion for Construction of Overhead Electric Supply Lines, which last year

was accepted as a tentative standard for a year's trial. The motion will be

presented later.

The next report you will find as Appendix B on Inductive Coordina-

tion. In the absence of Mr. Davidson, the chairman of the Sub-Committee,

Mr. Vandersluis will present the report.

Mr. W. M. Vandersluis (Illinois Central) :—The report is found on

page 244 of Bulletin 271. The activities of the Committee have been con-

fined to cooperating with the American Committee on Inductive Coordina-

tion. That committee is composed of four groups : electric light and power,

communication, electric railway, and steam and electrified railroads. The

American Committee has been thoroughly organized and their first report

is found on pages 244 to 253, inclusive. You will note that the steam and

electrified railroad group is represented in the list of officers and on the

various committees and sub-committees. It is recommended the subject

be continued and the activities of the Committee for the present be con-

fined to representation on and working with this American Committee on

Inductive Coordination.

Chairman Katte :—I move such action, Mr. President.

(The motion was carried.)

Chairman Katte:—Appendix C is the report on water power. I have

to express the sorrow of the Committee at the death of Mr. Harper, chair-

man of this Sub-Committee. There was none better qualified and no one

more conversant with the subject of water power, especially water power

available from falls of Niagara, than Mr. Harper, the late Chief Engineer

of the Niagara Falls Power Company. Those of you who are seeking

information with regard to water power available for the use of railroads)

especially in the eastern part of the United States, will find much authentic

data condensed in these few pages which have been written by Mr. Harper.

I merely submit this report as information, Mr. President, and ask that

the subject be continued.

1305
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The President :—If there is no discussion, the report will be so received.

Chairman Katte :—Appendix D is the report of the Sub-Committee on

Electrolysis, of which Mr. Martin Schreiber is chairman. Mr. Schreiber

being absent, I will briefly state that this Sub-Committee has done no work
during the past year other than to cooperate with the American Committee

on Electrolysis through the research Sub-Committee. That is the only

active Sub-Committee of the American Committee on Electrolysis at the

present time ; it is doing very good work, especially in cooperating with

the United States Bureau of Standards.

There is nothing else to report except to say we would like to continue

as members of the American Committee on Electrolysis without commit-

ment as to subscriptions until a definite budget is submitted to the Board

of Direction. At the present time additional funds are being solicited

from the various associations which have supported the American Com-
mittee on Electrolysis, but inasmuch as the electrified steam railroads do

not cause very much if any electrolytic action, your Committee has not

thought it incumbent upon this Association to bear any additional part of

the expense at this time.

The President:—You have heard the motion. Is there any discussion?

If not, and there is no objection, it will be so ordered.

Chairman Katte :—Appendix E, Cooperation with the U. S. Bureau of

Standards. Mr. Morse, the chairman of this Sub-Committee, unfortu-

nately could not be here. The principal work is in the revision of the

National Electrical Safety Code, particularly Part 2, which has to do with

the overhead wire crossing specifications. Your Committee is trying to

secure a revision of the Code upward, so that the rules will more nearly

meet the requirements of the A.R.E.A. transmission line crossing specifica-

tions. We are succeeding to some extent. Some of the factors of safety

of the Code will be increased to approach our factors of safety. The
clearances now specified in the Code in some cases will be increased to

more nearly approach those required by the railroad specifications.

The work, you notice from the report, is divided among a large num-
ber of the railroad representatives, both from this Division of the American

Railway Association, and from the Signal Section, and the Telegraph and

Telephone Section. A revised Code will probably be submitted during the

coming year.

The Committee further recommends the cooperation of members with

the State Representatives of the Committee on Electricity when wire cross-

ing specifications are involved, especially when the matter is before their

respective State Public Service Commissions or similar regulatory bodies,

and that the State Representatives and their Alternates be reappointed.

Appendix F, Overhead Transmission Lines. Mr. Wells, the chairman

of this Sub-Committee, has worked very hard and he has the only com-

pleted piece of work that the Committee on Electricity will present today.

In the absence of Mr. Wells, I will ask Mr. Wright if he will present

this report.



Discussion 1307

Mr. G. I. Wright (Illinois Central) :—The Specification for Construc-

tion of Overhead Supply Lines for Railroad Use on Railroad Property,

which was tentatively approved by the Association at its last convention,

was the subject of a questionnaire sent during the last year to all members

of the Association. As a result of this two typographical errors were

found and corrections are submitted. These rules and specifications have

been used as a basis, by American Railway Association and railroad repre-

sentatives, in securing and formulating state rules in various states where

those have been under consideration, particularly Illinois, North Dakota,

Pennsylvania, and elsewhere.

The addendum to these specifications covering maintenance of over-

head electric supply lines is submitted as a trial specification to cover rules

for maintenance and operation. Another specification covering joint use

of poles for power, communication and signal circuits has been compiled

in collaboration with representatives of the Telephone and Telegraph and

Signal Sections, and is also submitted as a trial specification.

(Chairman Katte read the recommendation on page 269 of Bulletin

271.)

Chairman Katte :—I would so move, Mr. President.

Mr. W. M. Camp (Railway Review) :— I am not quite clear on this

recommendation. The first part of it seems to be a confirmation of what

we already have adopted.

Chairman Katte :—Last year the convention adopted these specifica-

tions as Tentative Specifications for one year. During the past year these

Specifications have been in use, and a questionnaire has been submitted to

the members. The only criticisms that came back from thirty-six railroads

were the two typographical errors to which your attention has been called.

Now this Committee is asking that you accept these Specifications as

recommended practice and print them in the Manual.

This year we have prepared two addenda to these Specifications ; one

covering Maintenance and the other the Joint Use of Poles. Those two

addenda we would like to leave with the Association for one year on trial,

and if so accepted, a questionnaire will be sent out during the coming year

and any corrections or suggestions returned will be made in the addenda

and next year they will be submitted as recommended practice.

Mr. Camp:—Have we not already approved the construction of over-

head electric supply lines, page 242, paragraph one? I thought a vote was
taken on that this morning, as the first matter in the Committee's report

that was brought up for a vote.

Chairman Katte :—I merely mentioned the fact that it would be sub-

mitted as a change in the Manual but the vote was not taken at that time.

(The motion was carried.)

Chairman Katte :—Appendix G, Collaboration with Committee XVI

—

Economics of Railway Location. Mr. Brumlcy, the chairman of that Sub-

Committee, will present his report.
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Mr. D. J. Brumley (Illinois Central) :—The work of this Sub-Com-

mittee was that of collaborating with a Sub-Committee on the Economics

of Railway Location. Contact had been had with the Committee on

Economics of Railway Location and we were advised about the first of

September that a paper would be published in a Bulletin outlining the

work of that Committee for this year. For some reason unknown to the

Committee on Electricity no report is included in the Bulletin for the

Economics of Railway Location covering this feature. We recommend
that the Committee on Electricity cooperate with the Committee on the

Economics of Railway Location and work out with that Committee a

report to be presented at the next annual convention.

There is one feature of this Committee's work that might well be

thought out very carefully, and that is the encroachment of that Commit-

tee's work on that of the Mechanical Division.

Chairman Katte :—I would move, Mr. President, that the Committee

on Electricity continue the study and report on the Economics of Railway

Location as affected by the introduction of electric operation.

(The motion was carried.)

Chairman Katte:—^Appendix H, Standardization of Adhesive and

Rubber Tapes. In the absence of either of the members of this Sub-Com-
mittee, I will report that no changes are recommended at this time in the

specifications. The Committee has been in communication with Com-
mittee D-11, Rubber Products, of the American Society for Testing Ma-
terials, and it has been advised that they are looking into the advisability

of providing for a test of adhesiveness of rubber tape and that further

consideration Is being given to the methods of conducting the aging test

of friction tape. It Is hoped that next year definite recommendations can

be reported on these subjects.

It is recommended and I would so move that the subject of speci-

fications for adhesive and rubber tapes be continued with a view of sug-

gesting any changes or modifications which may be required therein to

maintain these specifications In conformity with similar specifications of

the American Society for Testing Materials and to keep the specifications

representative of the best practice.

The President:—Any discussion? If not, the recommendation will

stand.

Chairman Katte :—Appendix I, Standardization of Insulators. Mr.

Hall, the chairman of this Sub-Committee, will present the report.

Mr. F. D. Hall (Boston & Maine) :—Last year the Committee pres-

ented specifications for insulators and they were adopted as tentative

recommended practice. During this year a questionnaire was prepared

and sent out to the members. There were Zl replies. Owing to the fact

that there have been several important investigations Into the subject of

insulators, the Committee is not yet ready to recommend that the present

tentative specifications be adopted as recommended practice, and asks that

the subject be continued as tentative recommended practice until next

year.
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Chairman Katte :—I would move that such action be taken.

Mr. J. L. Campbell (Southern Pacific) :—I wish to express my
admiration for the work of the Committee on Electricity. The personnel

of the Committee is admirable and its work is admirable. This is one of

the committees of the Association whose work I think is a model. Other

committees of the Association can study the work of the Committee on

Electricity and its manner of presenting a subject, with profit. I like the

idea of bringing in something for us to consider for a year before it is

finally recommended by the Committee for adoption as recommended

practice. I am glad we have the Committee on Electricity as part of

this Association. (Applause.)

The President:—This recommendation will stand, if there is no objec-

tion. Mr. Katte may proceed to Appendix J.

Chairman Katte:—Clearances for Third Rail and Overhead Working
Conductors. It is customary for the Committee to revise the Clearance

Tables every two years, and since revised tables were submitted last year,

no revisions are now offered.

The Committee recommends and I would move that the Clearance

Tables for Third Rail and Overhead Working Conductors presented at

the 1924 convention be revised and brought up to date next year.

The President:—Is there any discussion? If not, and if there is no

objection, the recommendation will stand.

Chairman Katte :—Appendix K, Protection of Oil Sidings from
Danger Due to Stray Currents. This, perhaps, is one of the most dis-

cussed subjects that the Committee on Electricity has been asked to con-

sider during the past few years.

A set of rules were prepared and have been in use on various rail-

roads for the past two years. A questionnaire was sent out last year to

the users of the rules and replies were received from thirty-six railroads.

Of these, twenty have no rules and are not considering any rules for

the protection of sidetracks. Of the twenty roads thus reporting, but six

have any considerable mileage. Thirteen roads have adopted or have under

consideration the rules of the A.R.E.A. These particular rules have now
been accepted by representatives of the American Petroleum Institute,

Western Petroleum Refiners' Association, National Petroleum Association

and Association of National Gasoline Manufacturers. At the conference,

when the rules were compiled, there were representatives present from

the Standard Oil Company of New York, the Standard Oil Company of

New Jersey, and the Standard Oil Company of Ohio. No specific objec-

tions have been made to the rules and no changes are recommended at

this time in the rules.

I am emphasizing these facts for the reason that some shippers dur-

ing the past year have objected to the enforcing of the rules. The
principal complaint is the cost of complying with the rules, criticized

in that they do not place the burden of the expense on either the rail-

road or the owner of the sidetrack. The Committee did not feel that it
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was within its province to determine who should pay for this protection.

The entire cost of the sidetrack is within the jurisdiction of the General

Manager, and probably in all cases the cost of the protection would form a

part of the Sidetrack Agreement and not appear in the engineering

specifications.

The Committee recommends, and I would move, that the subject be

continued, and the Committee authorized to confer with representatives

of other interested associations, with the view of revising the rules, if and

when necessary.

The President :—You have heard the motion. Is there any discus-

sion? If not, the recommendation of the Committee will stand.

Chairman Katte:—On behalf of the Committee on Electricity, I would

move that the report of the Committee as a whole be accepted.

The President :—You have heard the motion. Is there any discussion

on the report as a whole? All those in favor let it be known by the usual

sign. Contrary. It is so ordered.

The Committee is dismissed with the thanks of the Association.

(Applause.)
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(For Report, see pp. 437-437.)

Mr. F. J. Stimson (Pennsylvania Railroad System) :—The report of

the Committee on Ballast covers the subjects pertaining to the Manual

—

Revision of Specifications for Stone Ballast ; the question of Cost of

Track Maintenance with Different Kinds of Ballast, and Ballasting by

Contract.

The only revision of the Manual is that shown in Appendix A, on

page 438, and as explained in that, the manufacturers of ballast forks

called the attention of the Committee to the fact that the plan which had

been submitted and adopted by the Association was one that could not be

manufactured as a commercial proposition. That was something that was

not brought out by the manufacturers when the plan was originally sub-

mitted to them for criticism. The Committee, therefore, came to the con-

clusion that the design adopted should be withdrawn from the Manual
and that the designing of a suitable fork be taken up by this Committee

during the ensuing year.

I recommend that the change in the Manual, as given in Appendix A,

be approved.

The President :—You have heard the motion. Is there any discussion

on this part of the report? If not, it will be so ordered, and the Chairman

may proceed.

Chairman Stimson :—The next subject we had was the revision of

specifications for stone ballast shown in Appendix B. Mr. Hamilton,

chairman of that Sub-Committee, will present the report.

Mr. Paul Hamilton (Cleveland, Cincinnati, Chicago & St. Louis) :

—

The proposed specification is shown beginning on page 440. The principal

change in the specification is to increase the lower limit from 1^ inch to ^
of an inch and reduce the number of physical tests for stone. We have

eliminated the test for strength, absorption and solubility and added the

test for soundness. These are the important changes. The other changes

are minor in character.

The President :—The chairman will read the headlines of the proposed

revision and pause a moment. We want to give you a chance to discuss

the proposed revisions. If any of you have a thought to present to the

Association, give it to us now. If, for any reason, you do not agree with

the Committee, tell us now.

Mr. Hamilton :—The first change in the specification is in No. 3,

Toughness ; the next is No. 4, Soundness, which is a new specification, a

new test; the next is No. 5, the test for wear is not much different from
the present test. Those are all the changes.

I move that the specification be adopted.

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe.) :—I have one

objection to the form of the specification in the matter of dimensions,
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weights, etc., being given in the metric system first and the equivalent

then shown in the standards of this country following. Fully ninety-seven

per cent of the membership of this Association belong in this Nation or .

in British possessions, which use feet and inches, pounds and tons, etc.

Of the remaining members, practically half of them originally belonged

in the same countries. They are in other countries because of their

business connections, no doubt. It Is my thought that In all of our work

here where dimensions, weights, and such things are given, they should

be given in the standards of this country and followed, if it is desirable

to have the metric system shown, by the equivalent in the metric system,

but the first and actual standards should be given in our own dimensions.

Chairman Stimson :—The Committee Is willing to accept that proposi-

tion. I might say that these specifications for tests are taken direct from

the A.S.T.M. reports, and they are given in the metric system. I think

the position taken by Mr. Baldrldge is proper and that as this Association

is using the ordinary English system of weights and measures, it is

proper for them to appear in this report as the stated measures, giving In

parentheses the metric equivalent.

Mr. W. H. Kirkbride (Southern Pacific—Pacific System) :—Mr.

Chairman, I ask principally for information, on page 439, and in connec-

tion with the questionnaire you sent out, also ^he third paragraph from

bottom of the page, relative to size, 54-inch Is used as a minimum and 2^
inches as a maximum. On page 444, paragraph 11, under breakage, the

specifications call for stone that will pass through a 2i/2-Inch ring and

rejected by 54-inch ring. My observation is to the effect that the crushed

rock produced is slightly smaller than the size of the ring. For instance,

a 2i^-inch ring will produce 2^-Inch rock, 54-inch ring will produce Yt-

inch stuff. It seems to me desirable to make plain the fact as to whether

we are going to use specifications referring to size of the ring or to the

size of the rock.

Mr. Hamilton :—The specification is that stone shall be broken in

sizes which will, in any position, pass through a 2^-inch ring and a size

which will not pass through a 54-inch ring.

This specification leaves it to the manufacturer to arrange his screens

so that the final product will be of these sizes. He has got to have his

screens something different from the size of the ring that will take this

stone.

Chairman Stimson :—The matter is fully covered on page 445, para-

graph 12, under "Proposed Specification, Test for Size," in which it

provides that the sample shall be placed on a screen having round holes

254 inches in diameter, it being the thought that 254-inch hole in the actual

screening operations will give a 2J/^-inch stone.

Mr. W. H. Kirkbride :—I think there is still some confusion. On page

439, the text specifies 23^-inch rock, page 444, paragraph 11, 2i/2-inch ring

is specified ; on top of page 445, 254-inch round holes are referred to.
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Chairman Stimson :—It was the belief in preparing the specifications

that there was no confusion in that. The 2j/2-inch ring, I think we might

say, is a hand-picked operation. You test that by actual, careful testing,

but for your practical operation you use a screen with 2^-inch round holes.

The specification difTcrcnliates between a ring and a hole. The one, as I

say, is a laboratory, a hand-picked test, and the other is a field test, or,

we might say, the test that comes from passing the material over the com-

mercial screen.

The President :—Is there any further discussion on this point or any

other?

(The motion was carried.)

Chairman Stimson:—The third subject that the Committee had under

consideration for the year was Cost of Track Maintenance with Different

Kinds of Ballast, considering various conditions, such as Traffic, Speed,

Roadbed, Climate and Cost of Production. This subject was assigned

to a Sub-Committee and they spent considerable time and effort in trying

to develop some form of questionnaire that would bring out the points

that would enable them to arrive at some conclusions. No definite

information was secured, and the subject is offered merely as information

and recommendation that the matter be continued for further considera-

tion.

The President:—Is there any discussion on this question? If not, it

will be received as information.

Chairman Stimson :—The other subject the Committee had under

discussion was Ballasting by Contract. This is Appendix D. As Mr.
Harris, chairman of that Sub-Committee, is not here this morning, I will

present the report.

The specifications that are here presented covering the work and
the form of contract, which is also presented, to be used in connection

with work of this kind are specifications and forms of contract in use by

some of the railroads. The contract follows the general form of con-

tract that has been adopted as recommended practice by the Association.

The practice of ballasting by contract is one that is open to some
discussion possibly, but as some of the railroads throughout the country

are following that practice the Committee thought it not amiss to present

these specifications and this form of contract as being good practice for

such roads as cared to follow the practice of ballasting by contract. I

move that the specifications and the form of contract as shown in Ap-
pendix D be accepted as recommended practice and printed in the Manual.

Mr. C. C. Cook (Baltimore & Ohio) :—I note in the introductory of

the Committee's report they state that this appendix be received as in-

formation. Now it is suggested for publication in the Manual.

Chairman Stimson:—The Chairman got his wires crossed on this

thing. I withdraw my motion, with the consent of my second, and move
that this report be received as information, withdrawing from (be Manual
the caption "Ballasting Under Contract."
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Mr. C. W. Baldridge :—We have a Committee on Contracts, and it

seems to me that when any other committee finds something which it de-

sires to put in the form of contract it should outline the subject as it wishes

it written, giving its reasons and arguments, and that such contract form

be submitted to the Committee on Contracts before it is offered for inclu-

sion in the Manual.

Mr. A. W. Denton (Boston & Albany) :—Is it the thought of the

Committee in regard to ballasting, there would be an increase in the me-

chanical wear of locomotives? Did they take that into consideration?

Chairman Stimson :—I don't understand the point the gentleman has

raised.

Mr. Denton :—The idea was that when the track was properly bal-

lasted there would be less mechanical wear on the locomotives. I don't

know for sure whether that would come up under your Committee or

not. I was wondering if it would.

Mr. J. C. Irwin (Boston & Albany) :—In connection with Mr. Bald-

ridge's remarks, I think he is right. The contract provisions should not be

included in this recommendation. I think it is all right for the specifica-

tions to be included, but I do not think it is necessary to repeat the con-

tract provisions in this place.

The President:—You all know that this subject was reassigned to the

Committee. It was under consideration in 1918. The Committee has at-

tempted to cover the subject again and presents it as information. If

there is no further discussion, all in favor of receiving this report in

Appendix D as information and withdrawing from the Manual the

caption Ballasting Under Contract, let it be known by the usual sign.

(The motion was carried.)

Chairman Stimson:—The Committee had another subject assigned to

it that they had hoped to report on at this meeting, but they were unable

to complete the work in time to present anything in concrete form, that is,

the subject of Specification for Washed Gravel Ballast, which is carried

over and recommended for next year's report.

The President:—Is there any discussion on this question? If not, it

will be received as information. The Committee's recommendation will

stand.

This completes the Committee's report and they are dismissed with the

thanks of the Association. (Applause.)
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(For Report, see pp. 459-468)

Mr. W. T. Dorrance (New York, New Haven & Hartford) :—

•

The Committee had hoped this year to be able to make some definite

recommendations for revision of the Manual, which we realize is

necessary in order to bring it up to date. A very considerable amount
of the preliminary work was accomplished, but we were not able to

bring the matter to a conclusion in shape for presentation for formal

adoption.

The Committee has continued its work on specifications during

the year and presents for consideration of the Association specifica-

tions given in Appendix A. These cover "Roofing" and "Built-up

Roofing."

These specifications we want to leave before the Association for a

year and we invite discussion on these as presented.

There has been presented to the Association in Bulletin 254, Febru-

arj', 1923, specifications on the following subjects: Concrete Roofing

Tile, Clay Roofing Tile, Electric Light Wiring, Hot Air Heating, Hot

Blast Heating, Architectural Terra Cotta, and Concrete Architectural

Stone.

The Committee believe that these specifications are now ready for

approval of the Association. Last year a number of specifications were

adopted, and it is the Committee's wish to present these additional ones

for adoption by the Association for printing in the Manual.

Concrete Roofing Tile specifications are divided into small tile

and into large tile and cover the manufacture and general tests and

specification for laying. Clay Tile Roofing specifications are of a

similar character. The Electric Light Wiring was drawn up with the

assistance of a representative of the Committee on Electricity and

covers just wiring for railway buildings. The Hot Air Heating gives

the general arrangement of pipes and necessary installation, etc. Hot
Blast Heating is covered in a similar way, with the necessary tests

specified. Architectural Terra Cotta gives specifications for mortar and

laying and general method of handling. Concrete Architectural Stone

gives the test of roofing loads and manner of setting, and general results.

I move, Mr. President, that the specifications for Concrete Roofing

Tile, Clay Tile Roofing, Electric Light Wiring, Hot Air Heating, Hot
Blast Heating, Architectural Terra Cotta, and Concrete Architectural

Stone, as printed in Bulletin 254, presented at the convention in March,

1923, be approved for publication in the Manual.

The President:—You have heard the motion. Is there any discus-

sion? These subjects have been before you for two years and it is reason-

able to assume that the Committee would have received objections or that

there would be objections presented on tiie floor at this time if there were
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any. If there is no discussion, all those in favor of the motion as made,

let it be known by the usual sign.

(The motion was carried.)

Chairman Dorrance:—I move that the specifications for Roofing in

Appendix A of Bulletin 272 be received as information and given con-

sideration by the Association during the coming year with the expecta-

tion that next year the matter will be presented for publication in the

Manual.

The President :—You have heard the motion in regard to the specifica-

tions under Appendix A. I would like to call your attention to the fact

that we do not want to get in the habit of having these specifications pub-

lished in our Bulletins one year, carry over for a year or two, then passed

on without having the serious consideration of the membership. You now
have the opportunity as the specifications are presented to you, and you will

have next year in which to present written discussions to the Committee,

but this is your opportunity to discuss the matter on the floor while the

Bulletins are in front of all of us. Next year this Committee will probably

present this same specification for adoption and publication in the Manual.

If they do, you will not have this present Bulletin, 272, in front of you,

and the subject may go without the necessary and proper discussions. I

thinks it is quite important that we discuss all these questions. Therefore, if

any of you have points which you would like to bring up, questions you

would like to raise, do it now while the matter is before us.

Chairman Dorrance:—The Committee would be very glad to dis-

cuss it now, but I would like to say wc have had the benefit of some
very helpful suggestions by letter, not as many as we would like, but

we have had some considerable assistance.

Mr. S. T. Wagner (Reading Company):—I am very; glad that

the Committee has decided to hold this specification in Appendix A over

until next year. You may or may not know that Committee D-8 of the A.

S. T. M., whose duty was formerly to prepare specifications for water-

proofing, has within the last year had its scope enlarged so as to include

roofing materials of a bituminous nature. The committee is now seriously

at work on that question and will present at the next convention at

Atlantic City several specifications for bituminous roofing material. You
will, of course, understand those specifications coming from the A. S. T.

M. apply only to the materials and not to the application, but I feel sure

that the report of the Committee D-8, which will be available in the next

three or four months, will enable the Buildings Committee to obtain a good

deal of light on that subject, especially from the manufacturers of roofing

materials. Unfortunately I am afraid that as that committee's assign-

ment is a new one, it will not cover all probably that this Committee de-

sires, but the subject will be continued by that committee until it is com-
pleted.

The President:—Is there further discussion? If not, and there is no

objection, the recommendation of the Committee will stand.
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Chairman Dorrance:—The next subject considered by the Com-
mittee is Ventilation of Railway Buildings, except Enginehouses.

The report will be presented by Mr. F. R. Judd, the chairman

of the Sub-Committee.

Mr. F. R. Judd (Illinois Central) :—This report will be found on page

466 of Bulletin 272 and is presented as a progress report.

We find that as far as mechanical ventilation of buildings goes that it

would be beyond the scope of this Committee to really define just how a

problem of that kind should be handled because it would probably require

a text to be written. In this report we have made general recommenda-

tions for various classes of railroad structures, the majority of the ventila-

tions to depend on natural ventilation and care in proportioning the size

of the windows and in arranging the rooms so that they will not be with-

out outside or natural ventilation.

Certain rooms, such as toilet rooms and other departments, such as

kitchens and serving rooms in restaurants, are recommended for exhaust fan

ventilation.

Also mechanical ventilation is recommended for ' certain classes of

depots where they would be placed either over tracks or under tracks.

The Committee would like to receive any information that any mem-
ber of the Association has, or any experiences j^ou have had in the use of

mechanical ventilating systems. Some of the members of this Committee

have had some experience with large mechanical ventilating systems and

the results of those that we have had are not very satisfactory. We found

a great deal of opposition to keeping windows closed and depending en-

tirely upon the artificial ventilation arrangement of the structure as pro-

posed. In some cases the artificial ventilation was abandoned and the

natural ventilation was again resorted to.

Chairman Dorrance:—I move that this be received as information.

The President :—It has been moved and seconded that this material

given in Appendix B be received as information. Is there any discus-

sion? If not, it will be so ordered.

Chairman Dorrance:—The next subject considered by the Com-
mittee is the Location and Design of Signs for Passenger Stations.

This subject will be presented by Mr. L. G. Morphy, chairman of the

Sub-Committee.

Mr. L. G. Morphy (Rutland Railroad) :—The report of the Sub-Com-
mittee will be found under Appendix C, page 467 of Bulletin 272.

The general subject is divided into the headings of General Re-

quirements, Types of Signs, Location of Signs, conclusions and recom-

mendations, and the action recommended is that the conclusions and rec-

ommendations in Appendix C, including diagrams, be approved for pub-

lication in the Manual.

That is a subject on which we believe there should be considerable

discussion from the floor, and we would like very much to have it given

considerable discussion before action is taken as recommended.
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(Mr. Morphy read the conclusions on page 468, with the following

interpolation) :

Briefly stated, the recommendation for the average sign is that it

shall consist of light letters and dark background and that signs

erected parallel to the track shall be at about the height of a car window,

so that they will be readily located and read.

The diagram which is on page 468 illustrates the recommendations

and general type of sign that has been mentioned.

Mr. L. J. F. Hughes (Chicago, Rock Island & Pacific):—I would
like to inquire about the recommendation on page 468, particularly

the last clause. It says: "On the end of the building and at

right angles to the track, bearing in mind visibility from the air." Does
that mean that these signs shall be placed so that they will be visible by

aeroplanes, or is it for something else?

Mr. L. G. Morphy:—That means that it should be, if possible, so

located that a man from an aeroplane may be able to locate himself by those

signs. If you will refer to general requirements on page 467 you will

see that the subject of being able to locate and identify the places from

the air is referred to, and you will also note that the United States Army
Air Service is endeavoring through counsel with various organizations to

establish just such practice, and the general description of the proposi-

tion as far as it has gone is described under clauses A, B and C, under

general requirements on page 467. So that is just what is meant.

Mr. H. M. Lull (Southern Pacific) :—I would like to ask if the Com-

mittee made any experiments to see if that were possible or not.

Mr. L. G. Morphy :—Our appropriation didn't permit it.

The President :—We would like to hear further discussion on this

subject. For the benefit of the Committee, I wish to state to you that

this question of properly marking stations has been brought up by sev-

eral outsiders, people who are not members of our Association. It has

been presented to us in various ways. There was a very interesting car-

toon, I am not certain whether it was one of Briggs' or whether it was in

one of the comic papers, of a gentleman craning his neck during the night

to try to find out what station he was passing while on a sleeper. He
gave up in despair, after watching the station as he approached it, turn-

ing around as he passed it, and went back to sleep, or tried to. That

cartoon was sent to me by at least half a dozen different people, all of

them outside of railroad service. It is a subject that is probably more

interesting to people other than those employed on the railroads.

Those who are acquainted with any individual railroad generally can

locate themselves at any time, day or night, by other things than signs

on stations. The traveler is in a very different position and people travel-

ing on the lines are always interested in finding out where they are. The
question of properly placing signs on stations, whether they ought to be

in the front of the station or whether there ought to be two or three
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signs, is a question that we ought to carefully consider before adopting a

plan.

Mr. J. E. Willoughby (Atlantic Coast Line) :—It seems to me the

controlling feature about the erection of station signs should be visibility

from the car and not from the air.

Mr. C. C. Cook (Baltimore & Ohio) :—I would like to refer to the

type of the letter. The Committee suggests that they make use of blocks or

other simple letters. In the diagram they show a block letter with a full

line. I would like to know whether they prefer that block letter as com-

pared to a light line or shaded letter.

Mr. L. G. Morphy:—Mr. Chairman, in regard to the first ques-

tion that was raised about the object of the signs being visible

to the traveling public and not somebody from the air, I think that

the reading of the first and opening paragraph under general requirements

would clear that point. The clause referred to says, "The principal object

of signs at stations is to enable the traveling public to identify their loca-

tion and, therefore, signs for this purpose should be designed with a

view to being clear and easily kept clean."

The other feature of being visible, if possible, from the air is

corollary to this, it is not the main object, but it was the feeling of the

Committee that it deserved consideration.

In regard to the second question of the type of letter, the advisability

of a block letter without shaded lines appears to be clear, that is, a sign

with the single stroke letter seems to be advisable and more readily made

out than one with a shaded hne. It is very possible that at larger sta-

tions and larger terminals where architectural effects are desirable, a

different type of sign will be inscribed right on the building itself and we
think a modern Roman or some modification of a Roman letter is very

nice. But this block letter is suggested as the wheelhorse, that is, as

the one that is most useful in the majority of the places where such signs

might be erected.

Mr. E. B. Katte (New York Central) :—About fifteen years ago

when the New York Central was modernizing and bringing up to date

the suburban stations in connection with electrification of its suburban

service, illuminated station signs were given a great deal of consideration.

A simple block letter, blue enamel sign was used and electrically illum-

inated at night. The station that I recall was at Tarrytown. The travel-

ing public did not seem to be much interested in such signs and the ex-

pense did not seem to be justified.

Mr. L. G. Morphy:—This Committee does not recommend
the wholesale use of illuminated signs in this report. The only

thing that is covered is that at places where signs are placed on

posts at stations and parallel to the track, if the canopy or station is

naturally illuminated and no extra expense is involved, it would seem
desirable to have the sign erected where a light would be in any case.

No recommendation has been made for general illumination.
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Mr. J. M. Metcalf (Miss'ouri-Kansas-Texas) :—I should like to inquire

why the Committee recommends placing the signs on posts parallel to the

track. It occurs to me they are more visible either from the train or air

when placed at right angles to the track.

Mr. L. G. Morphy :—Actual observation is what led us to the conclusion

that a sign parallel to the track, particularly where you have intertrack

canopies and platforms, is very much more readily made out by a passenger

on the train than one at right angles to it. In the first place, the length

or width of your sign would be limited by the track centers and you

-would not get the visibility according to actual observation.

The report does recommend the signs at stations at right angles to

the track, and signs that are at the height of about car window to be

parallel to the tracks for the reasons stated.

Mr. A. C. Irwin (Portland Cement Association) :—When this subject

was under discussion (I presume I ought to let the Chairman say this) :

The Army people called our attention to the fact that the signs were often-

times under the eaves of station buildings. They did not ask to have signs

illuminated or turned horizontal but to take them out from under the

eaves of the buildings where a man flying at a low altitude could see

them, and not have them hidden away in such a place where he could not.

see them at all. They did not make any unreasonable requests about

illumination or anything of that sort, just simply to give a reasonable

opportunity for the aviator to make out the sign, and it appears to me
that the request to take the signs from under the eaves of the stations

and put them out where an aviator could see them is a very reasonable

one.

The President:—Is there further discussion? If not, are you ready

for the motion? It has been moved and seconded that the conclusions and
recommendations as given on page 468, Bulletin 272, be accepted by the

Association and included in the Manual. All those in favor of the mo-
tion, let it be known by the usual sign. Contrary. It is so ordered.

Chairman Dorrance:—At the convention last year the Committee
presented a report on the subject of Floors for Railway Buildings, and
floors for two types of buildings, which was referred back to the Com-
mittee for further consideration. These two floors were freight houses

and enginehouses. The Committee offers this year the conclusions on
page 460, covering floors of these buildings.

(Mr. Dorrance read the two paragraphs on Freight Houses and
Enginehouses, on page 460 of Bulletin 272.)

Chairman Dorrance:—The Committee moves that these conclu-

sions be accepted for publication in the Manual.

The President:—You have heard the motion. This question was dis-

cussed to some extent last year. It is open for further discussion. If

there is no discussion on the motion, all those in favor let it be known by

the usual sign. Contrary. It is so ordered.

This completes the report of the Committee. They are dismissed

with the thanks of the Association. (Applause.)



DISCUSSION ON ECONOMICS OF RAILWAY
LOCATION

(For Report, see pp. 469-476)

Prof. E. E. King (University of Illinois) :—The Committee's report is

given on page 469 of Bulletin 272.

The Sub-Committee assigned to the topic, "The Economics of Rail-

way Location as affected by the Introduction of Electric Locomotives,"

conferring with the Committee on Electricity, has done some work toward

a report, working in connection with representatives of the Committee

on Electricity. The Committee hopes to bring forth next year a report

for the consideration of the Association.

The Sub-Committee assigned to the subject, "Suitable Units for

Comparison of Maintenance of Way, Equipment and Transportation,"

has conferred with the Committees on Records and Accounts and

Economics of Railway Operation in producing a report, but which is not

yet in form to submit to the Association. It hopes to continue on this

subject for another year.

The main part of the report of the Committee is found under

Appendix A on page 470. Since Mr. Webb is not able to be present at

the convention, I shall present the report for your consideration.

This report deals with Methods of Estimating Speed, Time, and

Fuel Consumption. The report was submitted by letter to the entire Com-
mittee without any comment on it, and the report as it stands was ap-

proved by the Committee. At the time the report was sent in for publica-

tion, it was understood that all of the material was to be in the form of

a progress report. It later developed that the Sub-Committee intended

that the conclusions printed on pages 475 and 476 should be included, or

be recommended for inclusion in the Manual ; and by letter-ballot, taken

since the report was printed, the Committee as a whole so recommended

it.

You will note that the Committee did not include this topic in next

year's program. While the Committee feels that this topic is a very im-

portant one and that it has by no means exhausted the field, it proposes

to drop this subject temporarily until such time as funds or other means

can be provided to continue the study. The Committee believes that if

the report is passed on as one of progress that its efforts will be prac-

tically lost so far as the Association is concerned, and it would like,

therefore, to have the conclusions printed in the Manual. If the Associa-

tion is willing, I should like to read these conclusions.

(Chairman King read the conclusions on pages 475 and 476.)

Chairman King:— I should like to make a motion, Mr. President, that

the Association adopt these conclusions to be printed in the Manual.

The President :—You have heard the motion which has been duly

seconded. It is open for discussion.
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Mr. J. L. Campbell (Southern Pacific) :—^Mr. President, it may be

there is a feeling prevalent that economics of railway location is a subject

that has been pretty well worked out and that there is not much remaining

to be said upon it. I do not so consider the subject. I believe that in

the future the economics of railway location will be called in requisition

advantageously in many ways, and particularly along the lines indicated

by what you have just heard from this Committee. There will be ques-

tions arising in the development of the capacities and efficiencies of the

transportation plants of the country as time goes on, which will raise

fundamental questions in the economics of railway location so that this

Association and the science and art of transportation are still going to

need to consider economics of railway location and a further study of the

subject, I am sure, will be just as profitable and prolific of good results

in the future as it has been in the past.

The President:—Is there further discussion?

Mr. E. E. Kimball (General Electric Company) :—I wonder if Mr.

King would consider substituting the term "road time" for "elapsed time"

on account of the fact that crew expense is determined from elapsed time

which is the interval between the time the crew is called until the time

relieved. Road time is the interval between time leaving the initial terminal

and time arriving at final terminal.

Chairman King:—The cost of the train service includes all of those

items. We have included here the cost of firing up the locomotive, and I

presume it would be quite proper to figure the time in for the crew from

the time it is called until it is relieved. I think that would be quite proper

to do that.

Mr. Kimball:—It is only the definition that I was asking about,

whether we could not call it road time instead of elapsed time.

Chairman King :—Do you mean to have the road time include the

time from the time they are called until they are relieved?

Mr. Kimball:—No, sir; to have the road time include the time from

the time they leave the station until they arrive at the terminal, and the

elapsed time to include the time from the time the crew is called until

they are relieved; one of them includes the time on the road and the other

one includes the time in the yards.

Chairman King:—It seems to me we must be consistent; if we in-

clude the expense of firing up the locomotive, then we ought to include the

expense of the crew from the time it is called.

Mr. Kimball :—^Yes, you should. It is only a question of definition

;

the road time is referred to in most of the sheets as a time between

terminals and elapsed time is the time between the time called and the

time the crews are relieved.

Chairman King :—It seems to me that elapsed time is the term we
want.

The President:—Is there any further discussion?

Mr. E. B. Kattee (New York Central) :—The Committee on

Electricity has cooperated with the Committee on Economics of Rail-
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way Location. The electric locomotive will have some effect on rail-

way location, but there are certain limitations, and these limitations the

Committee on Electricity can point out to the Committee on Railway

Location. I have in mind a recent calculation for a mountainous railroad

in Pennsylvania. There was a question of electrifying or building more
tracks, and strange as it may seem, it was reported by the Electrical

Engineer that electrifying would not be profitable. It happened in this

particular problem that the loaded trains came down the grade and the

empty trains went up the grade, so that the increased tractive effort of

electric locomotive was not required, and the increased cost of electrifica-

tion could not be justified, thus in this particular instance additional

tracks was the proper solution of the problem. In this way, I think the

Committee on Electricity can be of much assistance to the Committee on

Economics of Railway Location, and we hope. you will permit us to con-

tinue cooperating with you.

Chairman King :—We have been helped by representatives of the

Committee on Electricity very materially in the progress report we are

working on now, and we hope to have them advise us still more in the

work of the coming year.

In connection with what Mr. Campbell has just stated, the work of

the Committee on Economics of Railway Location is most vitally im-

portant in studying the fundamental problems of railroad operation.

While there may not be very much pioneer location, there is a great

deal of re-location, of grade revision and line revision, problems that in-

volve study that this Committee might well undertake.

They are all problems that involve great financial consideration.

Grade revision is one of the most serious problems that the railroad has

to meet. The Committee feels that it should have some kind of permanent

staff working under, maybe, some sub-committee of this Committee to get

data on these subjects and work them up for presentation. The Committee

does not have these data at hand, and it feels that it is justified in asking

for that help. It believes that if it can prepare the data in proper form

for the Association, it will be money well spent in future operations of

railway service.

The President:—Is there any further discussion? The motion before

the house is the recommendation of the Committee that the conclusions

on the bottom of page 475 and on page 476 be adopted by the Associa-

tion and included in the Manual.

(The motion was carried.)

The President:—This concludes the report of the Committee. They

are dismissed with the thanks of the Association, with the assurance that

we will do everything we can to help them in their future work.

(Applause.)



DISCUSSION ON MASONRY
(For Report, see pp. 477-487)

Mr. C. C. Westfall (Illinois Central) :—Mr. President, the

report of the Committee on Masonry is found on page 477, Bulletin 272,

The Committee presents a report this year on two subjects, the principles

of design of concrete, plain and reinforced, for use in railroad struc-

tures, and rules for inspection of masonry structures. The other subjects

assigned to the Committee have been studied by individual sub-commit-

tees, but it was the idea of the Committee that they limit their report

this year to such subjects as we could make a final report upon. In pre-

senting this report, the Committee wants to call attention to the report

of the joint committee on standard specifications for concrete and re-

inforced concrete. This Association was one of five associations that

had representatives on this joint committee and the report has now been

pubHshed and has been presented to each of the other four associations,

and it seemed in line that at this convention some time be given to pre-

senting this joint committee report to the Association, with the idea of

soliciting comment from the members so that the representation of this

Association on the committee would be fortified with the ideas of the

railroad engineers on any further work of the Committee.

The report on Subject No. 1, the principles of design of concrete,

plain and reinforced, for use in railroad structures, appearing in Appen-

dix A, will be presented by Mr. Lacher, who is chairman of the Sub-

Committee.

Mr. W. S. Lacher (Railway Age) :—Mr. President, the report of

this Committee will be found on page 478. It is limited to subject matter

coming under the subheading, External Loadings on Track Structures.

It represents a continuation of the work that was done in preparation

of the report presented last year on the same subject. During the past

year the Committee has considered the suggestions made in the discus-

sion at the last convention and it has endeavored to discover any possible

information that might be available which would bring out facts con-

cerning the loads to which the track would be subjected.

The Committee has found nothing of a quantitative nature on load-

ings. Some discussions have appeared which present information or

conclusions of a qualitative nature but nothing that would form a basis

for actual loading rules.

The Committee also sent out a questionnaire and obtained some
information from the engineers of structures on the various railroads as

to present practice in the establishment of designed loads and the in-

formation obtained in that way is of value primarily in indicating the

wide variation in assumption.

The Committee has studied the subject carefully and the conclusions

presented on page 485 represent what the Committee believes to be the

most logical method of arriving at dead and live loadings that it is pos-
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sible to set up at this time. It is hoped that more information will be

available in the future and it is possible that the results of such tests

might lead to some variation from the conclusions reached.

I wish to call attention particularly to Conclusion No. 5, where-

in the Committee submits an impact formula. This formula is an old

friend. It dififers from the formulas used for the determination of im-

pact in steel bridges and quite properly so. However, it is submitted

as a qualitative formula, as the Committee did not feel warranted, in the

face of lack of definite information, in making any specific recommenda-

tions with respect to the co-efficient K. This formula has been used by

various railroads with values of K, ranging from one hundred per cent

to half that amount.

(Mr. Lacher read the conclusions on page 485 with the following

interpolations) :

Following Number 2: This is simply an exact method of saying

the live load shall be assumed as spreading between two planes and

extending down from the ends of the ties.

Following Number 3: That conclusion is based on the study of the

various conditions which arise in laying out the slabs for a concrete

trestle or track elevation subway, where the location of the slabs does

not coincide with all possible locations of the tracks. It is necessary to

analyze the problem with the slabs placed in almost any position relative

to the tracks.

I move the adoption of these conclusions.

The President:—The question is open for discussion.

Mr. W. T. Dorrance (New York, New Haven & Hartford) :—It

seems to me that the heading is really broader than what is embraced in

the subject matter. It states: "Principles of Design of Concrete, Plain

and Reinforced, for Use in Railroad Structures." I do not think it means

all railroad structures.

Chairman Westfall :—Mr. President, I would say the subject, "Prin-

ciples of Design of Concrete, Plain and Reinforced, for Use in Railroad

Structures" was very broad. The Committee figured it was too heavy

a subject to consider in one, two or three years. For that reason the

subject was subdivided and this first division, the rules for the han-

dling of external loads, was considered the first step. It is expected

we will follow through with this same subject and in subsequent years

will handle the other different features of design.

The President:—Is there any further discussion?

Mr. R. A. Baldwin (Canadian Naional) :—In regard to clause

2 which deals with Dead Loads, it would appear the conclusion

has been based on the tests of the Iowa State College as set

out in page 479. It seems to me it would be interesting to this Associa-

tion to have the details of how the tests were made.

Mr. W. S. Lacher:—The tests at the Iowa State College

were considered in connection with the work of the Sub-Com-

mittee, but it was considered that to the extent to which these tests have
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been carried thus far they were not distinctly appHcable to the work

which was covered in this report. You will note in the second para-

graph on page 478 that the Committee definitely excludes consideration

of pipe culverts, because that subject has been assigned to a special

committee and the work that was done at Iowa State College has been

restricted to the pipe culverts. In general, as stated in the discussion

of dead load, the conclusions reached in those tests are that the loads

in many cases are in excess of those represented by the prism of earth

directly over the structure. The Committee feels that it is sufficiently

conservative to base the dead load on the vertical prism.

The President:—Any further discussion?

Mr. G. E. Tebbetts (Chesapeake & Ohio):—The report states that

the live load on slabs with depths of fill of less than three feet below

the base of rail should be assumed as concentrated wheel loads.

In subway construction it is usually taken, I believe, by most rail-

roads that there is some spread or distribution of the load over the

slabs where the fill is a lot less than three feet. I think that that

ought to be taken into consideration.

Mr. W. S. Lacher :—That paragraph does not include the word "spread."

That paragraph covers the determination of the bending moment and

shear on slabs with Hmited depths of fill. The "spread" is established

according to paragraphs two and three. The purpose of this paragraph

is to require the determination of bending moment directly from the

wheel loads rather than from longitudinally spread loads, as covered in

the earlier paragraphs.

The President:—We will be glad to have any further discussion at

this time. If there is no further discussion, we will vote on the motion,

which is to include in the Manual the conclusions on page 385 of

Bulletin 272. All those in favor please let it be known by the usual

sign. Contrary. It is so ordered.

Chairman Westfall:—In the Bulletin under Action Recommended,

the Committee will make a correction; on subject No. 2, the Committee

now recommends that the rules for the inspection of masonry structures

contained in Appendix B be accepted as information. This is done in

order to permit of further cooperation with the Committee on Rules and

Organization so that these rules before they are adopted to appear in

the Manual will meet the requirements of both the Masonry Committee

and the Committee on Rules and Organization.

The matter, therefore, under Appendix B, on page 487 is submitted

as information.

The President:—If there is no objection, this part of the report will

be received as information rather than for adoption to be included in

the Manual.

Chairman Westfall :—One of the subjects given to the Committee

this year and one which has been before the Committee for several years

is developments in the art of making concrete. The Committee decided

that it would not make a report on this subject, but something has come
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up recently which makes it seem advisable or desirable to have the sub-

ject discussed at this meeting.

There was an editorial in a rather prominent engineering journal

recently that constituted an indictment of railroad engineering in general

and railroad concrete work and railroad structural engineering in

particular.

Since it specifically pointed out concrete work, it seems fitting that

the time of the Masonry Committee might be devoted to some extent

to a discussion of this matter.

In this article the statement was made, "In general, concrete in rail-

road structures in this country is of poor appearance," and gives as

reason, first, the fact that most of such work is in exposed situations

which promotes surface disintegration, but gives as the greatest reason

what is styled a much overestimated self-suflficiency and refusal on the

part of railway engineers to learn from other than railway engineers,

and further in the article the statement is made, "By and large, structural

engineers on our railroads, even today, do not know what has progressed

in the art of making concrete, or if they do know, are satisfied that the

way they have always been making concrete is better than anything that

can be taught them."

That seems to be a very fitting text for discussion. It would seem

that the thought behind that editorial is the so-called development in the

art of concrete work, having to do with proportioning mixtures. The
statement would seem to indicate that the railroads are following the

rest of the profession.

This Association has had a membership on the joint committee which

has sponsored the recent developments in the art of making concrete.

There have been two very notable examples of the use of these advanced

ideas in other railroad work, two large buildings in the East. As
against this there have been three very large railroad jobs on which

these theories have been used to even greater extent than on the build-

ing work, and in addition to these three jobs, there have been some
four or five other railroads which' have taken the proposition up quite

extensively with the idea of making use of these latter-daj' ideas.

The Masonry Committee, if these statements were true, w^ould be

open to criticism for not having kept the Association advised of these

developments, assuming that it is a function of the Masonry Committee

to do that thing.

The Masonry Committee has numbered on its membership from six

to eight practicing engineers that are not railroad men, and that has

been the situation for the past several years. There is also on the

Masonry Committee a representative of the Portland Cement Association,

so that the Masonry Committee feels that its conscience is clear as far

as keeping this Association and the railroad engineers in touch with the

progress in making concrete.

I feel that there has been quite a little over-advertising of some
laboratory methods before these methods have been put to practical use,
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and I feel that there is justification of the railroads being a little bit

slow to grab at these methods when some of them have been changed

by their sponsors within a year or so after they were first propounded.

The American Concrete Institute held its convention in Chicago with-

in the past three or four weeks, and two of their leading papers at

this convention were papers by railroad men on railroad work, and one

entire session of their convention was devoted to railroad work. This

would all seem to indicate that the railroads, instead of trailing the pro-

cession, are at least up with the leaders and possibly leading them a little

bit. Along this line, Mr. Richardson, of the Rock Island, has been chair-

man of the Sub-Committee which has studied this subject, and Mr.

Richardson will make a few remarks on the subject.

Mr. C. P. Richardson (Chicago, Rock Island & Pacific):

—Supplementing the Chairman's remarks on railroad work and the

development of the art of making concrete, I might add that the session

of the Concrete Institute held last month was at the opening of the Insti-

tute, and I am advised, although not present at all the meetings, that

it was the best attended of the four-day sessions held last month.

It has developed during the past year that the railroads are pioneer-

ing in this work; I believe there is no question about it. The Sub-Com-

mittee assigned to the subject of development in the art of making concrete

is fully in touch with all of this work. We have amongst the members

of this Association, engineers who have put in many days and weeks

of their personal time making a study of these modernized methods.

They have done real pioneer work. They have presented this informa-

tion to us in detail, without reservation, and perhaps for this reason,

have given somewhat false impression as to the very much involved

procedure necessary to fully utilize these so-called scientific methods of

making concrete. I believe they failed to bring out the fact, that although

with the present knowledge of the art, the tests which are called for on

a field job are somewhat complicated and involved, that once these involved

tests have been completed on any particular job, tables and charts can be pre-

pared, which by inspection, will allow a very much improved control on the

job without the involved laboratory tests which have been utilized in this

pioneer study on the subject.

There are three outstanding principles which I believe have been

firmly established as a result of this pioneer work, and in their relative

importance I might enumerate them : the importance of the ratio of

water to cement, the unknown eff^ect of the moisture in the bulking of

the sand, and the importance of the proportioning of the fine and coarse

aggregates. They have firmly established the fact that a 1-2-4 or 1-3-5

concrete without relation to the materials available and used on the work
are of little value. They have established the value of the water-cement

ratio. They have shown us the relative value of the slump test, which

comes next as the more practical method of watching your concrete in

the field.
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We arc, however, confronted with the fact today that our knowledge

of the art has not allowed any committee of engineers to formulate simple

specifications, or present any simplified method of procedure which is

attractive to the ordinary engineer on a small job. The engineer on a

large job will look them over, but as an enthusiast in the use of the

principles recently stated, it now takes two or three days to five days and

perhaps longer to fully master the principles to allow him to make a

practical field interpretation which can be used on relatively unimportant

pieces of work.

I believe the problem before us today is to simplify these principles

in order that the average engineer can quickly assimilate and utilize, as

far as practical on his particular job, the more important control methods

developed by these studies.

Chairman Westfall :—The Chairman might say the Committee had

a subject assigned about two years ago on concrete failures and there

was such a hesitancy on the part of railroad engineers to acknowledge

they had failures that we toned the subject down and left out the word
"failure." The subject was still a little bit hot and we dropped it. We
could make no kind of a report on it.

Mr. W. S. Lacher:—Mr. Chairman, there is just one other

comment. While it is very easy to go out and find concrete that

is obviously defective, the citing of that or any other concrete as defec-

tive is not of particular value unless the history of that work is de-

termined. Unless one is able to find out what caused that defective

work, no particularly valuable conclusions can be drawn. Obviously, with

any concrete construction that has been in existence for a period of ten

or more years, it is not easy to find out just what circumstances incident

to the construction may have led to the poor results.

Mr. A. C. Irwin (Portland Cement Association) :—The discussion of

this subject is exceedingly interesting. All I have to say just now is that a

great deal of valuable information, I believe, can be obtained in regard

to cement failures, certain agencies which cause them and the protec-

tive treatment, from the report of Committee E-6 of the American Con-

crete Institute presented by title only at the recent convention in Chicago.

A copy of that report can undoubtedly be obtained by addressing Harvey

Whipple, Secretary of the American Concrete Institute, Detroit, or I

shall be pleased to get a copy for anyone who desires it. I shall also be

pleased to submit that and other information, which I can get hold of,

to this Committee on Masonry. The report of Committee E-6 is the

result of carefnl study made of this subject, throughout last summer, and

that the men who made that study traveled from one end of the country

to the other. It may be somewhat reassuring to you gentlemen to know-

that many of the examples of excellent concrete treated in that report

in contrast with the poor ones are railroad structures.

Mr. F. F. Harrington (Virginian Railway) :—I just want to say

that a great many times failures take place and the cause is not known.

If a failure takes place at an early date, it can be traced and the cause
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probably determined, but some of these failures take place a number

of years after the construction is completed. In such cases, it is almost

impossible to find out the cause of the failure.

President Ray;—Is there any further discussion?

Mr. B. R. LefBer (New York Central) :—It seems to me that in con-

sidering the failure of concrete we should keep in mind that concrete can

fail without any stress occurring in it, that there is a disintegration not

due to overloading. If we built a pier and allowed it to stand a cer-

tain number of years without any load on it whatever, it might disintegrate.

Now what have we found in the last five years or ten years that

bears on this point of disintegration? We have found three cardinal

things : first, the water cement content or ratio ; second, quality of the

sand (this is one of the most important features) ; third, as to the plac-

ing of concrete in freezing weather.

If those three points are carefully guarded they will take care of

this disintegration almost entirely. The art of concreting is more than

that; the art includes proportioning of the aggregate and the cement

so as to obtain the requisite strength, but I think we ought to bear in

mind this distinction between disintegration and the strength requirements,

because I feel that the usual concrete failures are due almost entirely to

disintegration and not to overloading. Overloading may be a part of it.

Well, now, the method of taking care of these three cardinal things

is not so difficult in practice. The difficult procedure consists in pro-

portioning for strength so as to get, say, two thousand pounds in twenty-

eight days. If we engineers would emphasize as the first practical step

the question of disintegration we will have advanced the art considerably.

In fact, as far as strength is concerned, most concrete of the mass con-

struction would be strong enough if it tested up to a thousand pounds

in twenty-eight days or if it tested up to 1500 pounds, but we do not like

to see the laitance seams, and disintegration due to other things than

stress. I think the Committee ought to emphasize those three cardinal

points so as to take care of this disintegration feature.

Mr. J. L. Harrington (Consulting Engineer) :—I should like to add a

fourth point which can be most clearly made by citing a particular in-

stance in which the, omission of attention in placing was responsible for

serious failure of a reinforced concrete structure.

About nine years since my firm designed and supervised construc-

tion in Florida of two structures composed in part of reinforced concrete

girder spans. Two years later another structure was built in the imme-
diate vicinity, using plans and specifications copied from ours, the only

difference being in the handling and supervision. About three years

ago, when letting contracts for still another structure, my attention was
invited to defects in the third structure, and examination showed the

most serious disintegration of concrete I have seen, so serious that a

sum nearly equal to one-third of the original cost was spent for repairs.

The resident engineer on our third structure made a thorough in-

vestigation to determine the reasons for failure and found that the same
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amount of cement, the same sand and the same stone had been used

in all three structures. The first two were then and are today without

defect, while the third was a gross failure. The investigation clearly

showed that the deterioration resulted entirely from poor w^orkmanship,

from failure to secure proper densitj' by care in mixing and placing the

concrete. And investigation of a number of other cases of early dis-

integration shows lack of care in construction, resulting in low density,

to be the cause.

President Ray:—Is there any further discussion on this subject?

Air. Westfall will proceed with the report.

Chairman Westfall :—The Committee at this time wishes to present

the report of tlie joint committee on standard specifications for concrete

and reinforced concrete. These specifications were published in their

present form w'ithin the past year and have been presented to date to

each of the other associations, and it seems proper that they should be

presented to this Association this year. Mr. Yates, who was chairman

of the representation of this Association on the committee, will present

this report.

Mr. J. J. Yates (Central R. R. of New Jersey) :—The joint commit-

tee's report is contained in Bulletin 269, September, 1924, of this Associa-

tion. In presenting this report I want to say that your Sub-Committee

has not passed on it, also that some reservations have been made. How-
ever, the report is not for adoption at this time, as we desire to consider

it very thoroughly this coming year. We are asking for such oral dis-

cussion as can be given from the floor of the convention, but w-e realize

that the time alloted is too short to attempt a thorough discussion of

the subject, therefore the Committee will welcome written discussion.

The personnel of the joint committee has been divided between five

organizations : the American Society of Civil Engineers ; the American
Society for Testing Materials; the American Railway Engineering Asso-

ciation ; the American Concrete Institute, and the Portland Cement
Association, there being five representatives from each.

In 1904 there was formed a joint committee in which these same
associations were represented. The final report w'as presented in 1916.

There was much criticism of the report in that it was a treatise on

concrete and not a specification, but those of us who were on that former

committee realized that the state of the art was in a rather uncertain

condition and that we had few tests on which to base conclusions. If

that report did nothing else, it started tests and investigations, so that

when the present joint committee was formed there was available much
information of value.

In the meantime this Association had found the need of a revision

of the old specifications contained in the Manual and during my time

as chairman of the Masonry Committee we were given the task of pre-

paring a revised specification with instructions to conform to the best

practice of the day. I think every one of the Masonry Committee at

that time realized the lack of reliable information on which to base a
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specification but we prepared specifications with the understanding that

at such time as the joint committee had completed their work we would

adopt their recommendations in whole or in part.

I am not going to take up time in discussion of the present report, it

is before you ; but in order to open discussion, I have been asked to

make a few remarks. Fortunately I have been connected with the con-

struction of a large bridge, that of the Central Railroad of New Jersey

across Newark Bay. This bridge is about 6500 feet long, will have four

tracks, with a rail elevation of 40 feet above high water. It will con-

tain, when finished, about 140,000 cubic yards of concrete and 35,000 tons

of steel. There are four vertical lift two-track drawbridges over two

channels, the largest channel opening being 305 feet and the smaller one

216 feet.

On this work we were fortunate in securing a series of tests under

the auspices of the joint committee. There were assigned to the work.

Professor Slater of the Bureau of Standards and Stanton Walker of the

Portland Cement Association. Mr. Walker gave his entire time to these

tests, and the results have been published in the January, 1925, Proceed-

ings of the American Society of Civil Engineers.

The concrete was proportioned by modern methods. The washed

gravel and sand used in the work were of excellent quality. The sand

varied in size from that retained on a 100 mesh sieve to that passing a

one-eighth inch sieve. In addition there were added to the sand about

33 per cent of one-eighth and one-quarter-inch gravel.

After a series of tests we decided that a combined fineness modulus

of 5.6 would give the best results. This was probably a little lower

than that for maximum strength, but there is a danger point in attempting

to use too low a fineness modulus, in that your concrete becomes too

harsh. In other words, there is not enough sand to properly fill the

voids.

The fineness modulus of the sand ran about 2.75 and of the gravel

7.31. The proportions used were 1 of cement and 2.3 of sand and 3.7 of

gravel. The results obtained from a large number of tests during the

first year at the beginning of the work were 3,100 pounds per square

inch at 28 days. For. a richer mixture of 1 of cement to 5 of combined

aggregate we attained an average result of 3,800 pounds.

In making these tests, the instructions were that the contractors'

work should not in any way be interfered with. Furthermore, there

should be no violation of the specifications under which the work was

being conducted. The specifications were to the efifect that the mixture

be in the proportion of 1 of cement to 6 of the combined aggregates

measured separately, with the further provision that where reinforce-

ment is used the proportions be 1 to 5 similarly combined.

The general criticism that we have had from contractors in at-

tempting to apply the more modern methods to our work has been the

added cost. At the start of this work we were fortunate in letting the

contract to a very good firm who co-operated with us and promised
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that they would try to find the additional cost over their former methods.

I am pleased to say the last word I had from them is to the effect that

there is no additional cost.

I have realized for a number of years, in fact since my connection

with the joint committee, that the whole matter was an educational one.

First is the slump test. The impression was that it added to the cost

but that opinion soon disappeared. After we converted the contractors to

the necessity of it we had no trouble.

Then there was the consistency; the concrete was too dry. This

is rather a misstatement because the fact is the concrete we are using

represented by 3 inch slump is not very dry concrete, it is not the

old dry concrete that you have to ram and ram in place. It is workable

concrete and can be worked easily without extra cost.

The tests that I have spoken of were carried out the first year when
the organization was not as well perfected as it is now, and during the

depositing of about 7,500 yards of concrete. Since then we have gotten

beyond the halfway mark, and we have over 75,000 yards of concrete

deposited. This year the railroad company has made frequent tests to

check the results, and find that the results obtained are really a little

better than those that were originally made under the auspices of the

joint committee. We are obtaining an average of 3,300 pounds for

twenty-eight days.

Members have spoken today about the difficulty of understanding

the methods. I will admit I was hazy for quite a while myself. But
after you have begun to educate your men it will be only a short time

when the methods are mastered. At the present time practically all of

the men in charge of jobs can perform the necessary tests.

The tests I speak of are simply an analysis of the aggregates and
the proportioning of the mixes in the field. The selection of fineness

modulus to give the best results is the difficult problem, requiring good

judgment and experience. One danger point, as I pointed out before, is

the desire of everybody to use a higher fineness modulus and get a

greater strength, but they soon find that the concrete will be too harsh.

Concrete might show a slump of only two inches and show considerable

surface water, whereas concrete with more sand will show little sur-

face water with the same slump.

There were certain things developed which were in contradiction

to some of the generally accepted ideas; one is, that you could not

properly deposit concrete by dropping down a vertical chute. We ex-

perimented with this, on account of the heavy cost of using a bucket

to deposit concrete in the piers, and found that a vertical chute from
twenty to twenty-five feet in height with the discharge kept close to

the concrete surface was not objectionable and gave good results, as

good as we got with the bucket, and that, too, without any bafHes in

the chute. We started with baffles but had to take them out as we
found they did more damage than good.
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Our experience in this work showed that a locked water measuring

device is not practicable on jobs of this character, due to the variable

water content of the sand. We have one instance to illustrate this. A
scow of sand came in during a rainstorm, and in charging the storage

bins above the mixer-hoppers, they dug a pit in the sand-pile. The re-

sult was that while we started with a gage measurement of ten inches

of water in charging the mixer we were shortly compelled to retain

the right consistency, to reduce to nine inches, later to eight and then

to seven. That difificulty has been largely overcome by taking the sand

from the upper surface and avoiding digging pits.

The time of mixing on the job was kept between one minute and

one-quarter to a minute and a half and during an eight-hour day

there were distributed about 230 yards of concrete.

A further result of our experience was with the chutes. We have

found .with an inclination of one to two point eight we could shoot

concrete mixed under a maximum slump provision of three inches. Our
experience showed that with a specification requirement of three-inch

slump with gravel concrete it is practical to shoot up to about 100 feet.

Most of our concrete on this job has been about a two-inch slump.

In connection with this work, and in looking over the joint com-

mittee report, there is one thing that strikes me. If we can maintain

on a job concrete of the strength we have been able to do at Newark
Bay we certainly can use higher unit stresses in our design. I feel from

my experience that I would not hesitate to go to a working stress of

1,000 pounds per sq. inch on concrete of the character we are getting

at Newark Bay, but I also feel that there should be an upper limit set,

to guard against an attempt to make concrete of a strength which would

be rather difficult or impracticable to produce in the field.

The Committee hopes that this matter will be discussed from the

floor at this time.

Mr. B. R. Leffler :—There has appeared or developed during the past

few years the method of grading sand by the fineness modulus. Mr. Yates

has called attention to that. It used to be considered a well established

principle that density was the fundamental requirement in proportioning

concrete for strength. I wish to call attentioti to the so-called fineness

modulus as a factor in that principle. It seems to me it has not yet

been proven in any laboratory that the fineness modulus is an index of

the density of the concrete. It is true that sand which is properly graded

so as to give the maximum density in the mortar, with the least amount

of water, will give mortar of great strength and a certain fineness modulus

but the converse has not been proven, namely, that sand with the same

fineness modulus gives the greatest density and strength. The two propo-

sitions are not related whatever, yet we have been going ahead, or rather

I mean the laboratories which have been experimenting along this line

have gone ahead, with the idea that if the fineness modulus is properly

selected, the grading of the sand is taken care of so as to give the maxi-
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mum strength. I hold that that does not follow at all and has not been

proven in any laboratory.

I have a series of charts for arbitrarily mixing sands or making

sands that will all have the same fineness modulus but have all sorts of

graduation as far as density is concerned. I mention this because I think

most engineers are going astray in thinking that the fineness modulus

takes care of the sand as far as graduation is concerned. There are

some experiments being made now, and preliminary reports have been

published which I believe will disprove that. Briefly, if the sand is

properly graded you will have a certain fineness modulus, and conversely,

you can have the same fineness modulus with poorly graded sand.

Mr. J. B. Hunley (Big Four) :—Mr. Lefifler I think is quite right

in that respect. We are experimenting now with grading and density of

sands. The fineness modulus does not determine the density, as far as

we have been able to determine, and I think one of the most important

things in making concrete is the character of the sand. It takes a good

deal of courage to criticize a specification which has been submitted by

such associations, and I will not attempt to do it in detail but I think

the specification for the sand is not right. It would be much better to

have a grading on the No. 16 sieve for the purpose of getting dense sands

and strong concrete.

I am heartily in sympathy with proportioning concrete on a strength

basis. The Big Four has been doing that for three years and in that

time I think we have scarcely poured a yard that has not been so pro-

portioned, not only on large jobs but on small jobs of a hundred yards

or so. We have covered the procedure by a set of instructions which

any young boy seems to be able to put into effect, and an inspector just

out of college is in the happy position of knowing more than the con-

tractor's masonry foreman and we have had very excellent results. We
can proportion concrete and get strengths within ten per cent.

The specifications as they stand, I think, are only a half step. Any
change made in practice to use this new method is going to require con-

siderable education, and we might just as well give those fellows a college

degree as a primary course, and do it up at one time. I can understand

the attitude of the committee; they feaied to go too far at one time,

but our contractors have learned to like it, and they go on other work
and put it into effect as far as possible, where the engineer will permit,

even though it is not required, and it is a fine thing.

I am afraid that if these specifications go out as they now stand,

unless the engineer in charge has the necessary laboratory facilities, the

first thing he will do will be to pick out the proportions from the table

in Appendix 16, and if he does he is apt to become discouraged. You
may use these tables, say for the 3000-pound concrete, but unless you

are working with a special aggregate you may get a 1500 or 4500-pound

concrete on test.

The difficulty is the fact that the slump does not determine the water

cement ratio except for one particular aggregate. We are running quite
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a series of tests. In lean mixtures, for example, we cannot get over a

three-inch slump in a 1 to 7 mix.

I am in hopes that a specification will be developed based on pro-

portioning on a strength basis, but I think we ought to go all the way.

It can be done, and its use is entirely practicable.

Prof. A. N. Talbot (University of Illinois) :—Mr. President, may I

have a word? I do not care at this time to make comments on the speci-

fications reported by the committee. I have been told that there have been

adverse criticisms of some of these specifications. Having been on the

first Joint Committee on Concrete and Reinforced Concrete from 1904 to

1916, and having attended most of the meetings of the committee, I know
something about the difficulties that confront such a committee. That

committee, in the first place, had to learn about reinforced concrete before

it could do much, for much more was unknown at that time. Then, there

were the difficulties of coming to an agreement, a difficulty found in large

committees, and naturally some of the statements in that report were in the

nature of a compromise.

It may be proper to say, however, that as a statement of principles

the report of the first joint committee contained a fund of valuable matter

and that it has had a valuable and beneficial influence on the practice of

engineers in this country in designing and constructing concrete structures.

Fortunately, the committee did not attempt to make specifications.

Perhaps some may thing that the present Jaint Committee, in making de-

tailed specifications to apply to all kinds of structures with all kinds of

materials in all parts of the country, has attempted too much and its

appointed task is an impossible one.

Knowing, then, something of the difficulties of such a committee, I do

not feel so free to put forth my personal views on some of these specifica-

tions as I might do otherwise, and so I shall not here discuss the specifica-

tions. I do think it worth while, however, to make some comment on the

Tables of Proportions for Concrete of Given Compressive Strength which

are included as an appendix of the report. This Appendix 16, which has

been referred to by members of the Committee on Masonry during the

discussion, gives tables beginning on page 11 of Bulletin 269, the first table

for 1500-lb. concrete, then one for 2000, one for 2,500, and one for 3,000.

From what I knew of proportioning concrete, it seemed to me that the

proportions named in these tables would not give uniform results, and

accordingly, in the last three years, two sets of tests have been made. To
make sure of being right, the second set of tests was made somewhat

more elaborately than the earlier tests.

In the last tests mixes were made up from the proportions given in

the tables for two strengths of concrete, 2000-lb. concrete and 3000-lb.

concrete. Three sizes of sand were used—a fine sand, to No. 28, as

named in the table ; a medium sand, to No. 8 ; and a coarser sand, to

No. 4. These sands were all of uniform and excellent quality, no trouble

about the form of the grain or the strength of it.
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Three sizes of coarse aggregate named in the tables were used—No. 4

to 54-Jnch ; No. 4 to 2-inch ; and ^ to 2-inch. Each of these three sands

was mixed with each of the three coarse aggregates and with cement in

the proportions named in the tables. Amounts of mixing water were

used to produce three of the slumps named in the table. Tests with the

second slump were not made, but the first slump, J^ to 1-inch, the third

one, which is 6 to 7 inches, and the fourth one which is 8 to 10 inches, were

included in the work. The quantity of water used in each cylinder was

made such as to give the requisite slump. It will be seen that 27 different

mixes of concrete were used for the 2000-lb. concrete, and the same number

of mixes for the 3000-lb. concrete. Four test specimens were made for

each mix. What I shall refer to are the averages of the four cylinders of

each set.

Standard laboratory procedure was carried out under good condi-

tions by experienced laboratory men, and there can be no question about

the tests being made according to the requirements found in this report.

It should also be stated that the cement used in this third series of

tests was of a quality that gave strengths more than 25 per cent higher

than the ordinary runs of cement found in the market. Cement of ordinary

quality would, then, be expected to give concrete strengths, say 20 per cent

lower than the results here reported, and a larger proportion of the mixes

would have fallen below the tabular strength.

Strength of Concrete Made with the Proportions for 2000 Lb. per Sq.
In. Concrete Given in Appendix 16 of the Report of the Joint
Committee on Standard Specifications for Concrete and Rein-
forced Concrete.

Coarse Aggregate
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slump of 8 to 10 in. when a coarse aggregate ranging from No. 4 to 54-in-

material is used, are about twice as great as are found in mixtures intended

for the slump of ^ to 1 inch, and the amounts of cement required by the

proportions named for the 8 to 10-inch slump are more than 80 per cent

greater than those required for the ^ to 1-inch slump.

A quite similar variation was found with the 27 proportions used from

the table intended to give a strength of 3000 lb. per sq. in. The values

of the sets ranged from 2470 to 5020 lb. per sq. in., the latter value being

twice the former.

The earlier series of tests referred to as being made up with propor-

tions from the table for 2000-lb. concrete, reported to the American Con-

crete Institute in 1922, gave the following strengths for the twelve mixes:

1800, 2400, 1600, 1500, 1800, 1500, 1800, 2400, 2900, 1300, 1900, and 1700

lb. per sq. in. ; and for the 3000-lb. designs—3400, 4000, 3900, 2600, 2600,

3200, 3300, 4000, 3100, 2800, 3200, and 1900 lb. per sq. in., the variation

being such that one mix in each group had more than twice as great strength

as another mix.

It is evident from a study of the mixtures given in the tables that the

proportioning was based upon getting the same fineness modulus for all the

mixtures, with some modification according to the upper size of the coarse

aggregate, and that altogether too much faith has been placed on fineness

modulus. Fineness modulus is useful in giving an idea of the size and grada-

tion of the material for certain purposes, but it does not appear to have a

great value as a scientific or practical means of designing mixtures and

determining the strengths that may be obtained by the use of diflferent

aggregates.

I am making these remarks because I feel that as this Committee

report has been sent out broadcast there should go out also a word of

caution that engineers should not accept these tables of proportions and

others made on the same basis without making tests to determine whether

the proportions are such as should be used. Any statements that many of

the strengths here reported are well above the strengths specified and that

therefore the tables should not be criticized are not to the point, unless the

cost of the extra cement used is meaningless, and even then the deficiency

in strength in many of the mixtures is troublesome. If these tables are to

be taken as an indication of the state of the art of proportioning concrete,

notwithstanding the great ranges in strength here reported, then the Com-
mittee has further work to do, for engineers will not be satisfied with such

results.

Mr. B. R. LefHer (New York Central Railroad) :—Mr. Chairman,

just before luncheon we had a discussion on the strength of concrete as

based on Appendix 16. It was brought out that Appendix 16 (the tables

I refer to in particular) does not give a scientific and correct method of

proportioning concrete. I believe that the rule-of-thumb methods employed

by engineers up to this time are just as reliable as these tables in the

results. I further believe that this Association should not give even a
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slant-wise approval of a method of proportioning concrete which has not

been thoroughly investigated and which is based on probably an erroneous

way of grading sand.

I, therefore, move that the whole of Appendix 16 be expunged from

the report.

Chairman Westfall :—Mr. President, I would say that this report

is not being presented to the Association for adoption. The report as

it stands now is a report of a committee of individuals, of whom there

are five from the A.R.E.A., but acting as individuals.

This committee is also a Sub-Committee of the Masonry Committee

and it is presenting this report in an informal way and asking for dis-

cussion for the guidance of the representatives in connection with future

work on the report. It does not think that there should be any formal

action on the report at this convention.

Mr. F. F. Harrington (Virginian Railway) :—Mr. President, I think

we are particularly fortunate in having, this report on Standard Specifi-

cations for Concrete and Reinforced Concrete at this time. The subject

of concrete and reinforced concrete has been investigated for many
years and intensely studied since the year 1904. These specifications are

the result of all previous study and cover in condensed form all the work
that has been done up to this time.

This is a general specification and is not supposed to cover details.

It may be supplemented, however, by detailed specifications whenever

desired. In every specification you can find points on which engineers will

differ. Specffications have never been written where that does not exist.

This, however, is the first general specification that has been presented

and I do not think it should be condemned at this meeting.

I think much more scientific work has been done in the laboratory

on concrete and reinforced concrete than in the field in the past. The
time has come when more attention should be given to scientific methods

and tests in the field for the success of concrete and reinforced concrete.

This success cannot be accomplished in a short time, but will require

education. Engineers must be educated as well as superintendents and

workmen, but in time the desired results will be practically obtained.

It is comparatively easy to carry out scientific methods and tests

in connection with large and important construction work, but it is also

important to give smaller pieces of work similar consideration. When
this is done, and people become more generally acquainted with these

scientific methods and tests, we will get better results. But it is going

to take time and I believe this specification will help. Instead of con-

demning the specification, we should encourage its general rise, and if

anything is found wrong, it should be corrected. The specifications will

be changed from time to time as more knowledge is acquired.

Mr. J. B. Hunley (Big Four) :—Mr. President, this specification pre-

sents itself as a specification for designing concrete mixtures on the

strength basis. The question raised this morning was whether it will do

that. The experience we have had in the last three years on the Big
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Four convinces me pretty thoroughly that we cannot take this specifica-

tion as it stands and design concrete of a certain strength, but it can

be done by other methods. Every bit of concrete we make on the Big

Four is proportioned on a strength basis, even in jobs where there is

only 100 or 200 yards involved, and we are not having any trouble in

doing it. But I do fear that if these specifications go out and are used

just as they stand by some one who has taken enough interest in the

matter to try this new method in building concrete and then tests it and

finds it does not come up to specifications, he is going to discard the entire

theory and we will be worse off than if the specification had not been

brought out. I am in hopes when a specification does come out it will

be something definite and dependable. I am sure that we cannot use

particular specifications and be assured that we will get concrete of any

definite strength.

Mr. B. R. Lefifler:—My resolution calls for the omission of

Appendix 16, and the omission of that Appendix would not

affect the remainder of the specifications. I do not want to have the

impression made that I am condemning the whole work of this joint

committee when I resolve that Appendix 16 should be omitted. It has

been proven that Appendix 16 is erroneous. We had Prof. Talbot's re-

marks just before luncheon showing by experimental results that Ap-

pendix 16 gives untrustworthy results. Here each page is headed 1,500

pounds, 2,000 pounds, and so on, purporting to give concrete of different

strength when mixed according to the tabulation. Well, now, it does not

do that. Why should the Association receive it as information? It is

misinformation, not information. I understand, of course, that the

appendix is only tentative, but I do not believe that the Association should

publish it as a tentative report, because it has been my observation, and

others, too, I think, that as soon as the report becomes tentative, it is

on the way to becoming permanent, and in a year or two usually is

recommended for adoption in the Manual. If it is wrong, why not omit

it or give something better?

Dr. W. K. Hatt (Purdue University) :—My understanding of these

figures is that they are very conservative. In a normal case with the

favorable material strength values for these slumps quoted would be

perhaps thirty per cent higher than the values in the table. No tabulated

values will fit exactly all variable conditions of cement, aggregate, and

exposure.

Mr. A. C. Irwin (Portland Cement Association) :—I think it would be

a good idea to get a better notion about how these tables came about and why
they are still in the joint committee's report. They are not put in this

report in any other way than as an appendix. The joint committee has not

put its o.k. on the accuracy of these tables under all conditions. It has

written certain limiting conditions as an introduction to the tables, which

if carefully considered will take care of a certain amount of criticism

that has been aimed at these tables.
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The question is not before us as to whether or not these tables

shall be adopted by the American Railway Engineering Association. The

tables were presented by the joint committee as part of its report and

expunging them by an action on the part of this Association can not

settle whether or not they still remain in the joint committee report.

Your discussion of the tables or any portion of the report, however, is

valuable to the joint committee.

I could point out also in these tables certain fundamental things that

must be considered ; if you do not consider them, the tables can not be

used with any dependency; for instance, the moisture in the sand, bulk-

ing effect due to loose measurement, etc., must be considered in using

these tables because they are based on a dry condition of aggregates which

is entirely different from the condition in which you will find them in the

field.

It is recognized by the joint committee that there are many con-

ditions met with, many kinds of aggregates, and that you can get entirely

different slumps than some of those in the tables, if you take the tables

literally without bringing to bear upon them the knowledge that you

have from investigating the aggregate you are dealing with, and without

utilizing the knowledge gained by actual experience. If you take these

tables literally, all that is said about them can be shown to be true, but

that does not prove that there is not great virtue in these tables for

the purpose and under the conditions for which they are submitted.

In my estimation it would be very imfortunate indeed for this Asso-

ciation to take any action about expunging these tables. The Chairman

of the Committee has very aptly said that these tables are not for adop-

tion by the American Railway Engineering Association. The joint com-

mittee will, of course, be not only pleased but very glad to have the

discussion that goes on here today and to give particular study to the

test data to which Professor Talbot has referred.

Mr. T. L. Condron (Consulting Engineer) :—The Masonry Committee

as a committee has not given detailed study to the joint committee report and

its recommendations, and as one member of the Masonry Committee I

should welcome hearing constructive criticisms of the joint

committee report, for it will be the duty of the Masonry Commit-
tee of this Association to recommend to the Association new specifica-

tions for introduction into the Manual. That work has been studied and

has been delayed for several years waiting for the conclusion of the

labors of this joint committee.

Now the joint committee, while its labors may not be concluded, have

brought their work to such a stage that they are giving publicity to this

report and it has been received by various engineering societies, includ-

ing this society, which are '•epresented on the joint committee.

The Masonry Committee of our Association is desirous of getting

critical discussion of all of the points, not simply these tables but many
other points, to guide the Committee in preparing a specification suitable
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for the use of the railroad engineers in designing concrete structures

and in executing work in concrete and reinforced concrete.

I was very much in hopes that there would be critical discussion

from the floor of some of the various and sundry recommendations in"

this report, for many of the members here will not be before the Com-
mittee personally and this is the only opportunity we have for a free

expression of individual opinion on these matters that are of vital im-

portance. I do not consider that it is of vital importance to this Asso-

ciation whether these particular tables are printed in the Transactions

or not, they do not go into the Manual, they are just received as

information.

Chairman Westfall :—Mr. President, in answer to Mr. Leffler's mo-
tion, it probably is not out of order to pass such a resolution but the

Masonry Committee did not intend in having this report published to

have it appear that it was being presented for any action by the Asso-

ciation. It was first thought that it might be put out in the same
form as a progress report in a separate cover and merely as a separate

publication.

It was then thought desirable to publish it as a Bulletin and the

Committee thought the preamble that accompanied the report made clear

the purpose of it.

In a committee of this kind of twenty-five men, it is impossible to

have a complete agreement and it is very easy to see the difficulties that

the membership of this Association might have in certain of the recom-

mendations that are made in this report.

So that it is on behalf of the A.R.E.A. representatives of the joint

committee that we are asking for discussion, because they must be

fortified with the ideas of railroad men and the only way they can get

them is by a thorough discussion by this Association.

The Committee will not object to Mr. Leffler's resolution, if it is desired

to have it stand, but it thinks it would be better to withdraw that.

Mr. B. R. Leffler :—I would like to restate the resolution in this way

:

It is the sentiment of the Association that these tables be omitted from

any report submitted for final adoption.

Mr. O. E. Selby (Cleveland, Cincinnati, Chicago & St. Louis) :

—

I would like to inquire from Mr. Leffler if he would object to the in-

clusion of some other tables of this same character, or whether he means

that no tables stating proportions for concrete, for instance, are to be

given the o.k. of the American Railway Engineering Association.

Mr. B. R. Leffler :—Mr. Chairman, that is a broad question. I want to

look at the other tables first. I am criticising this table per se, this

very table in Appendix 16. If there is any' other table devised that is

workable and practically correct, I am going to endorse it, but there

has been enough said on this floor this morning to show that these tables

are erroneous, and I made the resolution with that in mind.

Mr. J. J. Yates :—I hardly feel this Association should tie the hands

of the Committee in the consideration of the tables. Furthermore, the gen-
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eral impression I get is that the tables are conservative instead of being the

other way. I would say if these tables are wrong the Committee should have

this information.

Mr. B. R. Leffler :—I would say, Mr. Chairman, that the tables may

be conservative in that a lot of cement is required.

Chairman Westfall :—Mr. President, it seems to me this is picking

out one feature of the report which is probably the one that appeals

to one first, but not exactly the most important, and I rather think

that it might be unfortunate to take definite action on this and let some

other points in the report go with tacit acceptance when they probably

mean more to the profession than this table. For instance, there has

been no discussion of the section on design. There are some things in

that section that are departures from past practice. It would probably

take a railroad a year to put this theory of proportioning to good use, but

j'ou can put the design into effect tomorrow morning. I think, there-

fore, that if we are not going to have a definite expression on prac-

tically the entire report we had better not have one on this matter of

the tables. In that connection I think we might invite some considera-

tion of the section of design and unit stresses.

Vice-President Fairbairn:—Any further discussion, gentlemen? I think

before we go any further I might perhaps read the preamble to this re-

port, because it seems to me that that more or less clarifies the situation.

Perhaps Air. Lefifler may not have noticed that before making his

resolution.

(Vice-President Fairbairn read the preamble to the report of the

Masonry Committee.)

In other words, the Committee is simply asking for discussion at

this time and wanting the report put in the Bulletin simply as something

to draw discussion and give them help before they formulate their final

report for which they will ask adoption.

Mr. B. R. Leflfler:—Mr. Chairman, since this discussion is to

be made a part of the record, and since we have assailed

the validity of these tables, I will withdraw the motion because the

discussion has accomplished the purpose I intended.

Vice-President Fairbairn :—I think that is the intention, that the whole

discussion should be made part of the Proceedings, so that the purpose

is accomplished.

Is there any further discussion?

Mr. F. F. Harrington :—I just want to say that the tests now being

made will demonstrate whether the conditions given in this report are cor-

rect and the report is subject to correction, pending the result of these

investigations.

Vice-President Fairbairn:—If there is no further discussion, the Com-

mittee will be dismissed with the thanks of the Association. (Applause.)



DISCUSSION ON COOPERATIVE RELATIONS WITH
UNIVERSITIES

(For Report, see pp. 1247-1248)

Mr. R. H. Ford (Chicago, Rock Island & Pacific) :—While the Com-
mittee had hoped to show a more constructive progress this year, they are,

unanimous in the belief that we must move with apparent slowness for a

while in order to secure the best results. The work of this Committee is

largely education, not only among ourselves but among the railroads and

the colleges, and a large amount of pioneering is necessary which is being

done, although not shown in the written report of the Committee. Atten-

tion is again drawn to the scope of its work, viz

:

"A general interest upon the part of railroad officers in assisting the

university to develop the best possible methods for the technical courses

;

a better means of bringing to the university the result of our deliberations

where such can be made of value to them ; a better means of bringing to

the attention of the railroads the benefits of a technical education, thereby
acquainting them with the qualifications of graduates of these courses for

initial service in subordinate positions, and at the same time providing
material from which men may be drawn for higher positions as they
demonstrate their fitness ; a means of stimulating a greater interest in the

science of transportation among engineering students, which may be

inclined toward this branch of industry ; a means whereby the facilities of

the university may be made more directly available for the research work
of the Association, by cooperative effort between the laboratories and the

committees of the Association ; a means whereby the university may be
better enabled to educate the students and the public regarding the value

of transportation to the Nation as a whole; a means of stimulating a

greater interest among university officials in the study of transportation

and economics and impressing upon them the importance of experienced
men for such teaching."

The Committee is obtaining wholehearted support from the colleges.

A questionnaire requesting certain data believed to be essential in

securing a more definite expression from the railways of the type and

character of training believed to be most necessary for their needs, will

be in the hands of representative roads of the Association during the

coming year. This has been delayed somewhat because a conference will

doubtless be necessary with the American Railway Association before

it can be submitted.

The Association will be interested to know that two of our large

railway systems—one in the east and one in the west—already volunteered

to aid the Committee in this matter. One of these lines voluntarily made

an examination of 38,000 personal records, taking 208 clerk hours. It

was found that out of 38,000 employees, approximately one and a half per

cent had college training and were divided : Executives, 8 ; operating, 361

;

traffic, 39 ; law, 13 ; engineering, 27 ; real estate and tax, 3 ;
purchasing, 9

;

financial, 1; telegraph, 3; personnel, 4; surgical, 1, and dining car 13.

Mr. Howson, Chairman of the Sub-Committee on the questionnaire,

will develop this further.

Mr. E. T. Howson (Railway Age) :—Mr. President, your Committee

has felt that no conclusion is more accurate than the information on

which it is based. It has also felt that no industry is on a secure founda-

tion which is not attracting into its ranks in subordinate positions men who
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possess qualification for leadership after they have received adequate

training.

The Committee holds no brief for collegemen as such, but we are

trying to find the facts. It is our belief that the only way to determine the

value or lack of value of the man with college training to the railways is

to study the experience of those college-trained men who have entered

railway service and the experience of those railways that have trained

collegemen in their ranks.

It is common knowledge that many colleges are openly discouraging

men from entering railway service today. It is equally generally known
that many industries are making aggressive campaigns to bring college-

men into their employ, sending men to universities to look over the

graduates, and to interview and to select specific men.

Your Committee felt that impressions would not be a safe foundation

for an investigation which might have as far-reaching conclusions as we
hope this one will have ultimately. It, therefore, set out to prepare a

questionnaire which would draw the information or as much of it as is

available from the railways for the benefit of the railways.

The form of that questionnaire is still before the Committee. It is

a new kind of investigation. It must be sufficiently broad to bring out

the information which the railways themselves will require if they are to

check its conclusions in application to their own railways. On the other

hand, it should not be any more complicated than is necessary to draw out

that information.

There has been a vast improvement in the personnel records of the

railways in recent years, an improvement probably greater than many
members of this Association realize. The figures which Mr. Ford quoted

are an illustration of that fact. Some few men who have been ap-

proached on this subject have felt that the questionnaire proposed was
too far-reaching to ask the roads to go through the vast number of men
in their employ in order to find out how many were college-trained.

On the railway to which Mr. Ford referred I am told that that im-

pression prevailed, and that at first the officer in charge of the personnel

department estimated he would require sixty clerks for two months. He
consented, however, to put the matter into effect and, as Mr. Ford has

told you, he secured the information with the expenditure of 208 clerk

hours, so it was not as bad as he had feared.

If this Committee is to draw conclusions based upon facts, it must

of necessity have the cooperation of the members of this Association in

the compilation of those facts. If it does not have that cooperation, its

conclusions will be of value only as the judgment of the members of the

committee may be worth while. If the questionnaire is brought to a form

satisfactory to the Committee and is sent to your railways, we solicit the

whole-hearted cooperation of the members of this Association in seeing

that the information requested is compiled and returned.

In order to determine whether collegemen are worth while to the

railways, as I said before, it is necessary to know the experience of those
A
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men who have been drawn to the railways. Your Committee is under-

taking an investigation which may be long drawn out, because it is an

arduous investigation, but it is one that will be of value to the railways

either in confirming or in correcting and refuting an impression which

prevails that there is something in college training that should help de-

velop the reasoning powers of a man and fit him for an executive posi-

tion. The Board of Direction evidently had in mind the fact that an in-

dustry will rise only to the level of its executives. The Committee be-

lieves that a survey of the men entering the industry today will give us

an indication of the caliber of the men who will direct the transportation

industry two or three decades ahead. Therefore, while the Committee is

not yet prepared to ofifer a questionnaire, marked progress has been made
in its development, and we solicit your cooperation in aiding in convincing

your management that the answer to the questionnaire is going to be of

value to them. We solicit that cooperation when the questionnaire is

completed and ready for distribution.

Chairman Ford :—As an index of the constructive work being done

in technical education by leading universities throughout the United States

and Canada, the late President Burton of the University of Michigan

requested the academic staff to prepare an outline of the requirements for

the college-trained man of 1950 on the principle that the college student of

to-day is being trained for that period, and that the university should

anticipate the economic and industrial situation to that extent. For various

reasons, the transportation agencies may not be in a position to look ahead

with the rare vision that Dr. Burton possessed and others of his class,

but it is a fact that some of the other principal industries are showing

remarkable progress along similar lines in planning for the future of

their particular interest.

Dean Ketchum, of the University of Illinois, will speak from the

standpoint of the colleges.

Dean Milo S. Ketchum (University of Illinois) :—The Chairman of the

Committee has asked that I outline briefly some of the things that in-

dustries are doing to attract collegemen. What I have to say will be

based upon experience and observation at the University of Illinois, but

this experience is representative, and what I am saying I am sure will be

borne out by the experience of other technical schools.

Last year we were visited by the representatives of more than 65 in-

dustries. These representatives were men of experience and abihty, and

in some cases more than one representative came from an industry. This

week three representatives of the American Telegraph and Telephone

Company are at the University of Illinois interviewing students. Yester-

day I had a conference with the chief personnel officer of this organiza-

tion, and I was very much interested in his estimate of the value of col-

lege-trained men to the American Telegraph and Telephone Company.
A few years ago the technically trained man had little advantage over

the man who had come up without that training, and it was reasonably
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fair for the two men to go along together. Studies by the American

Telegraph and Telephone Company would indicate that today the

technically trained man will reach a position of responsibility in this com-

pany when he is six years younger than would be the case if he had not

been technically trained. With the growing demands on men in industries,

the indications are that this gap is rapidly widening, and the technically

trained man will soon have ten years the advantage of the man who has

not been technically trained. If, then, the railroads find the problem the

same as the American Telegraph and Telephone Company, it will not be

long until the technically trained man will reach a position of responsi-

bility with the railroads ten years earlier than that same man would if he

had not had the advantages of technical training.

Now, this is important, because the ten years beyond the point at

which a man may assume responsibility are the best years of a man's life,

and it is not so much a question of whether or not the man may reach

a position of responsibility without technical training as that he shall

reach it when he has his full powers and is able to make the most of

his opportunities.

I have sometimes thought that in some industries men are kept in

subordinate positions so long that when they reached a position where

they could exercise initiative and take responsibility, they had reached the

point of senility and therefore failed to do the best that could be done in

that particular opportunity. In other words, it is not only important that

a man shall reach a position where he can assume responsibility, but it

is also important that he shall reach it as quickly as possible.

The industries are wide awake to the advantages of taking technically

trained men into their employ, and they also appreciate that it is very

important that they shall not undertake to absorb more men into the

industries than can be assimilated.

Engineering students today are so familiar with what technically

trained graduates have accompHshed with different industrial organiza-

tions that unless any particular organization can show that it has been

able to absorb technically trained men into the organization and oflfer

them adequate opportunities, these men will no longer be attracted by

the organization.

In other words, it is of no use to attract young men into railroad

work unless the railroads are prepared to give these young men a chance

to show what they are good for. Just as soon as the information goes

back to the colleges that there are opportunities in railroad service, no

amount of pressure that the faculty can exert will keep the technically

trained graduates from going to the railroads. Technically trained men
are going where they can find opportunities that are commensurate with

their abilities, and they well know where these opportunities are available.

The universities are sympathetic with the problems, and the engineer-

ing students are ready to be shown.



DISCUSSION ON ECONOMICS OF RAILWAY
OPERATION

(For Report, see pp. 859-927.)

Mr. G. D. Brooke (Chesapeake & Ohio):—The report of this

Committee will be found on page 859, Bulletin 274. The first subject

assigned to the Committee is Revision of the Manual, covered in

Appendix A. The changes recommended are the result of the work
of one of the Sub-Committees, and I think it best to let that follow

the report of that particular Sub-Committee, Sub-Committee E.

The second subject, Efifect of Speed of Trains upon the Cost of

Transportation, will be found in Appendix B, page 861.

Professor Williams is the chairman of the Sub-Committee, having

that subject particularly in charge, and I will ask him to present

the report.

Prof. C. C. Williams (University of Illinois):—The premise on

which this study was made is stated in the first paragraph of the

report in Appendix B, that is, the increase in speed is accompanied

by a decrease of tonnage rating. At the bottom of page 861 are

listed the items which are affected by such an increase in speed.

There were two sources of information which this Committee

used in preparing the report. In the first place, in 1919 the U.S.

Railroad Administration conducted tests on three different railroads

to ascertain what the efifect of increased speed is on the cost of

transportation; and, in the second case, the source of information

was a series of observations made by a member of the Committee

on one of the railroads under normal conditions of operation. The

first item naturally to be considered is the effect on maintenance of

way and structures, and this is affected because of the increased train

mileage required to conduct a certain tonnage of transportation.

Then the second is maintenance of equipment. Very little infor-

mation was available on this subject. The chief items came under

the third group of expenses, namely, conducting transportation, and

a case is presented showing the calculations on which the thought

of the Committee was based. Those calculations are given on pages

865 and 866. Following the text of the Sub-Committee report are

a number of curves showing the relationship between speeds of

operating trains and the expenses of the items. Four of these pertain

to fuel, based on laboratory tests at the University of Illinois and

at the Pennsylvania Railroad laboratory, and in Figures 5, 6, 9, and

10 the results of the United States Railroad Administration road tests

are shown diagramatically.

On page 874 there are two curves which show the efifect of

operating speeds on trains during normal conditions of operation on

one particular road.-
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On page 877 there are two curves which give data in regard to

the capacity of equipment, showing how the capacity of equipment

varies with the speed. I think I shall read a portion of this report.

(Professor Williams read the summary on pages 867 and 868.)

This is a summary of the cases which were studied. It is felt

that the cases were not sufficiently diversified and the number was
not sufficiently large to justify drawing general conclusions. Conse-

quently, this summary is stated as such instead of final conclusions.

This material is submitted as information with a request that the

subject be continued.

Chairman Brooke:—The next subject is that of methods of

increasing the traffic capacity of the railway. Mr. Mannion, chairman

of the Sub-Committee, will present the report which is found on

page 878.

(Mr. Mannion read the report on page 878, Bulletin 284, and

described the charts in his report, also read the conclusions on page

888 of the Bulletin.)

Chairman Brooke:—The next subject of the report is methcTds

of analj'zing cost, the selection for special study this year being the

cost arising from stopping and starting a train. Mr. Teal, the chair-

man of the Sub-Committee, will present the report.

Mr. J. E. Teal (Chesapeake & Ohio):—The work of this Com-
mittee was a continuation of the work outlined last year and it pre-

sents two papers, Appendix D-1, page 889 and Appendix D-2, page

898, endeavoring to arrive at a solution of the problem of the cost

of stopping a freight train and accelerating it to the speed from which

it was stopped. Certain physical items were considered, as grades,

train loads, and speed. Observations were taken on two mid-western

railways, one railroad in Ohio and one railroad west of the Mississippi

River.

Expense items were considered, including wages, fuel, water,

repairs to equipment and capital charges for equipment investment.

The data tabulated in Table A on page 890 covers a number of

observations for heavy slow freight trains. These were tonnage
trains involving trainloads of about 6000 tons with a loaded movement
averaging about 80 cars per train. The expense data was subdivided

in Table B and Table C on page 892. Table B covers expense data

for expenses accruing during the time trains were stopping and
accelerating. Table C shows the allocation of the expens"e accruing

while trains were at stop. With the expense data tabulated in Table

A, applications were made of a certain well-known formula and the

results plotted on the charts on pages 896 and 897; Fig. 1, page 896,

is labeled as a development chart, final results being shown in Fig.

2, page 897.

Appendix D-2 shows in so^ne detail a method of arriving at certain

data by use of the dynamometer car. This method undoubtedly is
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considerably more accurate than the method employed in arriving

at data in Table A, page 890.

The data contained in Appendix D-2 covers items of speed, fuel

consumption and the elapsed time or delay. This information is

presented, not to show a formula that may be of general application

because different conditions occur on various divisions of different

railroads, but in general it is thought that the methods may be safely

used to arrive at analogous costs on other railroads. This report is

presented as information.

Chairman Brooke:—The next subject is the Economy Resulting

from the Operation of Trains against the Current of Traffic on
Multiple Track Lines, Appendix E. I will ask Mr. Howson, the

chairman of the Sub-Committee, to present the report.

Mr. E. T. Howson (Railway Age) :—This subject was assigned

to this Committee for investigation several years ago, and in 1922

a report was made, based upon information contained in replies to

a questionnaire. At that time a recommendation was submitted to

this Association and adopted as follows:

(Mr. Howson read the recommendation which appears on page
905 of Bulletin 274.)

This subject was reassigned to the Committee this year for fur-

ther investigation. The Committee felt that the greatest results could

be secured this year by observing at first hand the practices followed

by the two railroads which seemed, from the information we could

collect, to follow the practice most largely. The Committee, there-

fore, went over certain lines of the Chicago, Burlington & Quincy
and the Big Four, observing the methods of detouring trains against

traffic and ascertaining the results. The Committee then endeavored

to ascertain the objections to the practice and the advantages of

those practices. Those objections and advantages are listed on
page 908.

(Mr. Howson then read the objections to the system and the

advantages of the system, also the conclusion on page 910.)

The President:—You have heard the conclusion and the motion.

Is there any discussion on the motion? If not, all those in favor let

it be known by the usual sign. Contrary. It is so ordered.

Chairman Brooke:—The Method for the Determination of Proper
Allowances for Maintenance of Way Expenses Due to Increased Use
and Increased Investment is the next subject, and is found on page
911 of Bulletin 274. Mr. McGuigan, chairman of the Sub-Committee,
will please present the report.

(Mr. F. H. McGuigan abstracted the report from pages 911 to

926, Bulletin 274.)

Mr. F. H. McGuigan, Jr. (Car Manufacturers' Association):

—

The Committee recommends that the report be adopted for publica-

tion in the Manual.
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The President:—You have heard the motion that that part of

the Committee's report contained from the introduction on page 911

to and including all on page 926 be adopted by the Association and
included in the Manual. If there is no discussion, all those in favor

of the motion let it be known by the usual sign. Contrary. It is

carried.

Chairman Brooke:—The other subject assigned is the utilization

of locomotives to determine the percentage of time they should be

able to perform actual transportation, and methods of obtaining

maximum efficiency while so available, in the hands of a Sub-Com-
mittee of which Mr. Farrin is chairman. That Sub-Committee pre-

sents a progress report with the request that the subject be reassigned.

That concludes the report of the Committee, Mr. President.

The President :—Is there any further discussion on the Committee's

report? If not, the Committee is dismissed with the thanks of the

Association for this very large and constructive report. (Applause.)



DISCUSSION ON STRESSES IN RAILROAD TRACK
(For Report, see pp. 1081-124S)

(The Chairman, Professor A. N. Talbot, outlined parts of the report

of the Committee on Stresses in Railroad Track, calling attention to vari-

ous' statements and conclusions, and read extracts to bring out the meaning

of the results. He said that the Committee appreciated that the report as

presented is largely in the form of bare and perhaps dry facts, and that

it may require considerable attention in reading to get its full meaning and

value. He stated that the Mechanical Department of the C. M. & St. P. Ry.

has taken much interest in these tests from the start and Mr. Sillcox, Gen-

eral Superintendent of Motive Power, vi^ho is a member of this Association,

writes that since the report of the Committee has beeii written the Com-

pany is devoting considerable time to a study of the data and to its applica-

tion to the design of locomotives and cars. Later in the year an interesting

discussion of matters in the report may be expected. It is worth saying,

too, that the Mechanical Division of the American Railway Association has

appointed a Committee on Relations Between Locomotive Design and

Stresses in Track, and information may be expected which will also be

of value to this organization.)

President Ray:—You have heard the Chairman present the report,

which is now open for discussion.

Mr. Houston, I understand, of the Westinghouse Electric and Manu-

facturing Company, is here and would like to discuss this question. If he is,

we would be glad to give him the privilege of the floor now.

Mr. H. A. Houston (Westinghouse Electric and Manufacturing Com-

pany) :—It has been very interesting and enlightening to go over this

valuable report of the Special Committee on Stresses in Railroad Track.

It follows very much along the lines of previous reports, it is something

new, something very interesting and something that is valuable, not only

from the standpoint of railway track, but also from the standpoint of

locomotive design. I have not attempted to go into this report in detail,

but I have injected notes, some of which are in the form of queries.

Paragraph 6, on page 1094, indicates that when either motoring or

regenerating the configuration of the locomotive in the curve is the

same. This is something entirely new to a great many of us. Further-

more, this may mean that when a locomotive is pushing or when it is

pulling, its configuration in the curve is the same. Some of us believe

that there is a decided change in configuration because in railway service

we have noted that pusher engines behind the train operate with a con-

figuration decidedly different from engines at the head of a train. This

is, in a measure, borne out by the wear action upon the flanges. This

statement made by the Committee is rather terse; it is undoubtedly true

from the records they have obtained, but I just wonder if they have

sufficient information to make that a plain statement of facts?
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On page 1096 a statement is made as to the position of the wheel

flanges after the locomotive came to rest in the two curves without

application of brakes. Several authorities believe that in testing a loco-

motive to obtain the position in a curve, the configuration is entirely differ-

ent when it is drifting through a curve than when it is operating and

exerting tractive effort. This is brought out in the Bulletin of the Inter-

national Railway Association, May-June, 1922, pp. 887-911.

On page 1109, toward the bottom of the page, the statement is made:

"Unless there is considerable tilting of the rail under the load in an

unusual way, outward bending of the head of the rail goes with outward

bending at the base—a dissimilar movement would imply very great

twisting action." In the form of a query, may I ask if sufficient tests

have been made that you can safely eliminate the twisting action on the

rail? I gather from the statement that it has been done.

On page 1144, at the bottom of the page, the statement is given:

"The lateral bending stresses showing that this driver at this speed con-

tributes more largely to changing the direction of the locomotive than

does the truck wheel,"

In changing the direction of a locomotive while it is passing through

a curve, we have to take into consideration the restraint elements of the

guiding truck. No definite statement has been given as to the restraint

characteristics of this truck guiding the locomotive through the curve.

I realize that you would have the stresses in the rail irrespective of how
the locomotive may have been expected to perform. But if you have

certain guiding characteristics in your truck and, as is usual on many rail-

roads a great deal of play develops in those restraint elements, then you

ai once throw a large amount of guiding on your first driving axle instead

of it being absorbed by the guiding truck. As the truck is located at the

greatest distance from the center of turning moment of the locomotive,

thereby requiring a lesser force to be applied at the two-wheel truck

center pin than at the point of driver contact with the rail, in order to

turn the locomotive while passing through a curve, it is apparent that a

test of this type should carry information on the guiding truck charac-

teristics.

On page 1145, the last sentence in the second paragraph says, "It

seems possible that the springs and equalizing system are in some way
affected in their action by this strong lateral pressure." It appeals to

me from the report that this is more or less of a natural condition. Not
only must this wheel turn the main driving truck, but an additional

thrust is put upon the flange by the restraint elements of the trailing

six-wheel truck. In other words, the six-wheel truck in this particular

locomotive is giving negative steering, that is, it is throwing additional

steering work on the truck ahead in order to guide it through the curve.

Therefore, as I interpret the information given, I would say it is some-

thing that should be expected.

On page 1147, the second paragraph says, "the flange of the outer

front truck wheel bore against the outer rail, and that of the first outer
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driver was 0.9 inch away, and yet outward lateral bending of the outer

rail was found under this driver at five miles per hour." I think that is

a fair condition to expect from fractional forces acting between the

tread of the wheel and the ball of the rail. As a matter of fact, in the

design of locomotives I think it is necessary that you consider the

lateral friction force between the wheel tread and the rail as being

deductible from the total guiding that may be obtained from the guiding

trucks in order to keep the flanges of your driving wheels away from the

rail and thereby reduce flange wear.

I notice on page 1167, the last sentence of the second paragraph, that

the values given are average values. Are we not also interested in indi-

vidual values given by a wheel or by a particular axle? That individual

value may be of much higher nature, giving a much higher stress than if

it were taken with others.

On page 1169, it says, "A discussion of the effect of the details of

design of different locomotives and their influence on the track as shown
by the tests cannot well be taken up at this time." If this Committee has

sufficient information to handle that particular subject, I think it would

be well to give it further consideration. The report, as a whole, is suf-

ficient. It gives information we have always wanted, information that

we have not had before. It is insufficient in that it could go just one

step further and assist in giving a method for analytical determination of

forces at the rail or between wheels and rails in order that we can

properly determine the operating characteristics of the locomotive on

paper before it is built. I would like to suggest that the Committee con-

sider the feasibility of going one step further and compare the actual

results of these tests with some analytical method for determining the

configuration of a locomotive when passing through a curve. I thank you.

Professor A. N. Talbot (University of Illinois) :—I shall be glad to

take up in detail the questions of Mr. Houston and give information so

far as it is available on points that he has referred to. This can not well be

done until the transcript of his remarks is available for study. I may say,

however, that the variations in stresses found in these tests are much the

same as the variations found in other tests, and that in the earlier progress

reports of the Committee the individual values were plotted and shown in

the diagrams, making a belt of points above and below the service line.

Sijnilar diagrams for data from the last tests were plotted for office use,

but they have not been reproduced in the printed report. Variations such

as those found are inevitable in the passage of a locomotive over the track.

In reference to the matter of the guiding or turning of locomotive

driving wheels around the curve, the paragraph on page 1145 referred to

by Mr. Houston also noted changes in the vertical wheel loads that were
found, an indication that the equalizing system or springs did not work
normally on such curves as they may be expected to. It is thus not only

a question of the lateral forces on the rail, but also one of changes in the

distribution of vertical forces among the several wheels.
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The relative results when motoring and regenerating were different

from what had been expected. When the matter was first presented to me
I made an analysis that seemed to show that one wheel might slip longitu-

dinally along the rail when the locomotive was motoring around the curve,

and that the slip might be in the companion wheel when regenerating. In

these tests no particular difference was found. If there were differences

they were masked by other variations.

We are much obliged to Mr. Houston for giving his views on these

questions. Such matters as the guiding of the locomotive and the action

of the locomotive are of even more interest to the Mechanical Division and

to the locomotive manufacturers than to the maintenance man.

President Ray:—We also have with us a written discussion by Mr.

S. Timoshenko, of the Research Department of the Westinghouse Electric

and Manufacturing Company. This will be included in the official Minutes

of the meeting and, of course, will be taken into consideration by the

Committee.

Mr. S. Timoshenko (Westinghouse Electric and Manufacturing Com-
pany—by letter) :

—"The Fourth Progress Report of the Special Committee

on Stresses in Railroad Track contains experimental data on the stresses pro-

duced in railway track by different types of electric locomotives. On the basis

of the facts brought out in the report, some general conclusions can be

made.

"The mean stress in the base of the rail on straight track at the low

speed measured was usually in very good agreement with the results of

calculations based on the theory of bending of bars on elastic foundation.

It is shown once more that this theory can be used in calculating stresses

produced by a system of loads, and that the problem on the effect of

wheel spacing on stress distribution can be solved analytically with suf-

ficient accuracy. Due to the fact that a positive maximum bending

moment under any wheel must be combined with negative bending

moments produced by the adjoining wheels, a considerable reduction in

maximum bending moment may occur, the magnitude of which for a

given track will depend on the wheel spacing and on the distribution of

loading between the axles. In the most unfavorable case illustrated by

locomotive 10221 the maximum bending moment recorded was about 85

per cent of that which would be developed had the wheels been very far

apart. In locomotive 10302 the maximum bending moment under the

heaviest driver is reduced to 12> per cent. The most favorable conditions

are illustrated by locomotive 10254, where due to the close spacing of

wheels the maximum bending moment is reduced to SO per cent. These
figures show clearly that the wheel spacing and distribution of loading

between the axles are very important factors in considering stresses in

railway track.

"The direct measurement of statical pressure of individual wheels

must be recommended for future experiments. This can be done with-

out difficulty by using a simple instrument (of the spring dynamometer
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type) having a heavy spring, the deflection of which can be measured

by means of a strain gage. With such an apparatus true axle loadings

can be obtained without the use of expensive apparatus.

"The effect of, speed obtained by averaging the observations of many
tests was relatively small for all the locomotives. This result can be

explained as follows : the dynamical effect of a wheel on the rail at high

speed depends principally on the different kinds of irregularities such as

flat spots on the rim or low spots on the rail. This effect depends on the

unsprung weight per axle and is oscillatory in character. Several curves

showing this fluctuation of wheel pressure during the passing of a low

spot were given in a previous discussion* by the writer. If a wheel

encounters a low spot on the rail a decrease of pressure against the rail

begins, which afterwards is followed by an increase in pressure and by a

vibration of the rail. Due to this character of the dynamical effect the

average values of dynamical stresses as given by the report become com-

paratively low and do not represent the actual conditions.

"Relatively few applications of extreme dynamic pressures may be

expected to affect track more seriously than many applications near the

average. It is shown in the previous discussion by the writer that there

is no such simple relation between the dynamical effect and the dead

weight of the wheel as mentioned in the report.

"In considering lateral deflections of rails on straight track it must

be noted that these deflections are due to 'nosing' of the locomotive and

are produced principally by lateral friction forces. It can be expected

therefore that, had the locomotive been pulling while under test, the forces

would have been less than those recorded in the report.

"The lateral effect of a locomotive on a curve is of great importance

since it affects track maintenance. During the passage of a curve the

flange of a truck-wheel and at higher speeds also of the leading driver

press against the outer rail developing a force which changes the direc-

tion of movement of the group of wheels in the same rigid wheel base.

It is important to note that in most of the cases of experiments recorded

in the report, power was shut off as the locomotive approached the test

section. This means that at the moment of measuring stress no tractive

force was acting and the lateral friction forces resisting the change of

direction of movement were larger than if the drivers had been trans-

mitting tractive force.f Due to this fact not only the lateral bending

stresses but also the maximum vertical bending stress may increase. In

order to show this and to explain the re-distribution of vertical pressures

produced by the wheels, the case of locomotive 10302 will now be con-

sidered more in detail. The lateral forces due to friction during the

passing of the locomotive on the curve are shown in Figures 1, 2, 3 and 4.

*See Third Progress Report of the Committee on Stresses in Railroad Track.
A. S. C. E. Transactions, Vol. LXXXVI, p. 1069 (1923).

tThere are no sufficient experimental data to support the conclusion of the
report "that the lateral stresses in both inner and outer rail do not differ greatly
whether the locomotive is coasting, motoring or generating, at least at the speed
corresponding to the super-elevation of the track."
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In Fig. 1 the lateral forces acting on the track at low speed are shown.

The flanges of the truck wheels are pressing against outer rail and the

corresponding reactions of the rail produce rotation of the locomotive

while passing through the curve. Driving wheels of axles 1 and 2

produce during rotation the forces (fractional) in an inner direction. The
flange of t'^e wheel 3 presses against the outer rail. In Fig. 2 the forces

In

acting on the truck axles are shown. The lateral force S acting on the

flange of the outer wheel produces a change in the direction of motion

of the locomotive and this must be larger than the sum of the lateral

friction forces Q -\- Q'. It is easy to see, that due to these lateral forces,

both rails will undergo lateral deflection, the outer rail in an outer

direction and the inner rail in an inner direction. In addition to this

^

S-Q-Q
4

-Gi ^t^'^'

vertical reactive forces R will be produced, the magnitude of which will

be given by the following equation

:

(S-Q-Q')d
R =

2g
"The direction of these forces is such that the vertical bending stress

in the inner rail will be somewhat decreased and in the outer rail increased.

This conclusion is in good agreement with the results of tests, f(.r in

Fig. 220d of the report vertical bending stresses the equal of 13,800 and

8,600 lb. per square inch are given for the outer rail, while for the inner

rail the same stresses are 7,900 lb. per square inch and 3,500 lb. per

square inch respectively.

"Fig. 3 represents the friction forces acting on the hrst and

second drivers. It is seen that due to lateral friction both rails will obtain

deflection in an inner direction.
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"In addition to this, the vertical reactions Ri will be produced, which

increase the vertical bending stress on the inner rail and decrease the

same stresses for the outer rail. Taking these forces into consideration,

it can be explained why such excessive stresses as 22,200 lb. per square

Qi !

inch lateral bending stress and 29,800 lb. per square inch vertical bending

stress were obtained under the inner driving wheel of the second axle on

10° curve. (See Fig. 220d of the report.)

"The magnitude of the forces R4 may be obtained from the equation

:

(Q14-Ql')d
"R, = . (2)

2g

"It is seen that the eflfect of lateral forces on the redistribution of

vertical loading depends not only on the magnitude of the friction forces,

Q2

Qz^fQ'zi-Sz

52—

tK2

-.Q?

-Re

but also on the diameter d of the wheels. At larger diameters, this effect

will be greater.

"Fig. 4 represents the lateral forces which are acting on the wheels

of the third driver axle. Due to rotation of the locomotive, friction

forces Q2 and Q"' have a direction opposite to that of forces Q^ and
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Ql' (Fig. 3). In addition to these friction forces, direct pressure S2 of

the flange of the outer wheel against the rail may occur. These lateral forces

will produce vertical forces R» which increase the vertical bending stress

in the outer rail and decrease the vertical bending stress in the inner rail.

This again is in a good agreement with the experiments. In Fig. 220d

for 10° curve the stresses obtained by test are 15,500 lb. per square inch

for outer wheel and_ 15,700 lb. per square inch for inner wheel. By
taking into consideration the superelevation only and neglecting lateral

forces, -it would be expected to obtain for inner wheel about 25 per cent

higher stresses than those for the outer wheel.

"At high speed due to centrifugal force the lateral forces necessary

to produce rotation of the locomotive becomes larger. Not only truck

wheels but also the outer wheel of the leading driving axle press against

the outer rail. By using the same method as explained above, the redistri-

bution of vertical pressures at 40 m.p.h. speed on the 10° curve given in

Fig. 220d of the report can be explained. If, in addition to the over-

loading produced by centrifugal force, the forces Q", S2 and R2 be taken

into consideration, the shifting of maximum bending stress at high speed

from the second to third driver can be easily explained.

"It seems that the examples considered are sufficient to show that in

considering the redistribution of vertical pressures during passing of a

locomotive on the curve the effect of lateral forces must be taken into con-

sideration. They are the primary cause of the redistribution of vertical

loading and not the changes in the equalization system as is assumed in

the report.

"The question of calculating lateral bending moments on the basis

of the tests made is also discussed in the report and certain criticism is

necessary.

"It must be noted that all the calculations of lateral bending moments
given in the report are based on the simple assumption that lateral forces

produce lateral bending only. The actual conditions are really more com-

plicated. The lateral forces acting on the head of the rail produce not

only bending but also twist, and in order to determine the lateral bend-

ing moment and twisting moment three measurements of stresses at the

same cross-section of the rail become necessary. In addition to the

stress measurement at the two edges of the base of rail, one measure-

ment of stress in the head of the rail must also be taken in order to have

sufficient data for separating lateral bending from twisting."

Mr. Hunter McDonald:—Mr. Chairman, the Board of Direction has

assigned to me an errand which gives me a great deal of pleasure to

perform. I offer the following resolution of recognition and appreciation

by the American Railway Engineering Association of Professor Arthur

Newell Talbot.

"It is the habit of the human family in public matters which concern

their comfort and convenience to take successful performance for granted,

to punish those who fail with either excoriation or oblivion and let
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virtue be the chief reward of those who have contributed most generously

to public welfare.

"Engineers and scientists are usually content with this condition and

rarely seek or attain monetary reward beyond a bare living for them-

selves and their families in return for their services to the human race.

"Now and then there arises above the general level of their ranks

an individual whose services in scientific research or engineering per-

formance are particularly prominent and valuable and, therefore, worthy

of special consideration.

"The Railroad Managers and Engineers of America are deeply in-

debted to Professor Talbot for the painstaking, patient, earnest, scientific

and pioneering work which he has carried on for a number of years

as Chairman of the Special Committee of this Association on Stresses in

Track, cooperating with other engineering organizations in an endeavor

to develop the facts with reference to the stresses which rail and track

of American railroads are subjected to.

"The results of this work have fully justified the adoption on the

part of members of this Association of certain definite principles and

practices for track and equipment design and maintenance, regarding

which there has hitherto existed great variety of opinion and much un-

certainty.

"It is, therefore, particularly fitting that this Association record at

this time its high appreciation of Professor Talbot as a scientist and

teacher, an investigator and organizer, and, last but by no means least,

as a man."

I move, in behalf of the Board of Direction, the adoption of this

resolution by a rising vote.

(The motion was seconded and unanimously adopted.)

President Ray : It is unanimous.

Mr. Hunter McDonald :—And now, Professor Talbot, it becomes my
further duty and pleasure to present to you this plaque appropriately in-

scribed, which we hope will always be a visible and constant reminder of

our esteem and aflfection.

The resolution which has just been adopted will be suitably engrossed,

framed and forwarded to you, Professor Talbot.



DISCUSSION ON UNIFORM GENERAL CONTRACT
FORMS

(For Report, see pp. 489-514)

The President:—In the absence of the Chairman of the Committee,

Mr. J. C. Irwin, the Vice-Chairman, will present the report on Uniform
General Contract Forms.

Mr. J. C. Irwin (Boston & Albanj) :— I am very sorry that our Chair-

man, Mr. Faucette, is unable to be here.

You will find the report in Bulletin 273, beginning on page 489, where

the outline of work is given. The work is divided among three sub-

committees. The first sub-committee report is shown on page 493. I

will ask Mr. C. A. Wilson to present this report.

Mr. C. A, Wilson (Consulting Engineer) :—The work of Committee

No. XX will report rather briefly. We had two forms to consider, the

form for agreement for furnishing water from railway water systems

to employees or others, and form of contract for purchase of water.

The Committee submits a draft of the first agreement for furnishing

water from railway water systems to employees and others for con-

sideration and discussion, preferably written discussion and expects to

submit it for adoption next year.

The Committee reports progress on the study of a "Form of Con-

tract for Purchase of Water." It is not yet ready to submit a form

but expects to do that this year. That with the printed form of the

contract as submitted constitutes the work of the Committee for this

past year.

Vice-Chairman Irwin:—There is no action requested on report of

this Sub-Committee, but it is very clear that the conditions vary so

greatly that it is necessary in each case to consider anything that may
be added to cover the local conditions.

The Committee particularly asks the members of the Association to

make any suggestions by correspondence that they desire in connection

with the agreement for the purchase of water and also for the sale of

water in order that the Committee may have the benefit of the ideas of

the membership.

The report of Sub-Committee No. 2, which concerns the joint use

of freight station facilities and the joint use of passenger station facili-

ties, you will find on page 495, will be presented by Mr. Clark Dillen-

beck, chairman of the Sub-Committee.
Mr. Clark Dillenbeck (Reading Company) :—The report of this Sub-

Committee will be found on page 495 in Bulletin No. 273.

The work assigned to this Committee was

:

1 . Make appropriate report regarding revision of Manual where

necessary, also continue work with other committees to re-

move conflicts in Manual.

1301
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2. Make final report on "Form of Agreement for Joint Use of

Passenger Station Facilities."

3. Make tentative report on "Form of Agreement for Joint

Use of Freight Station Facilities."

As regards revision of Manual, the Committee has no recommenda-

tions for changes.

As regards conflicts between Contract Forms in the Manual and

specifications of other committees, these were removed last year by

Committee VII, Wooden Bridges and Trestles, and Committee VIII,

Masonry.

The Committee on Roadway has given this matter careful attention

in co-operation with this Committee, and submitted their report to the

convention day before yesterday. This report was accepted and re-

moves all conflicts in that specification. This cleans up this work with

the exception of Committee XV, Iron and Steel Structures.

(2) Form of Agreement for Joint Use of Passenger Station Facili-

ties—you will find this form on page 502, beginning at about the

middle of the page.

This form was included in last year's report of this Committee and

was submitted to the convention as a "Tentative draft for information

and discussion." Requests were made for criticisms but only few and

minor ones have been received. These have been considered by the

Sub-Committee and a few minor changes in M^ording made.

First there is the preamble, then Article 1, Grant and Description

;

2, Scope ; 3, Employees ; 4, Operating and Maintenance ; 5, Rental ; 6,

Additions and Betterments ; 7, Custody of Property ; 8, Deprivation of

Use; 9, Status of Employees; 10, Liability; 11, Default; 12, Arbitration;

13, Term.

You will find an appendix at the bottom of page 507 which gives

some modifications that may be used with some of the sections; for

instance, under Section 3, the companies may have separate agents. Sec-

tion 5, Rentals, may be stated in various ways. The one used in the

printed form is the one that is most commonly used and is based upon

percentage on the investment value and the cost of maintenance and

operation. A charge for usual depreciation may also be made.

I move that the form of Agreement for Joint Use of Passenger

Station Facilities be accepted and printed in the Manual.

(The motion was carried.)

Mr. Clark Dillenbeck :—The form of Agreement for Joint Use of

Freight Station Facilities occurs on page 496, beginning about a third of

the page from the top, and continuing to page 502, about the center. This

form is drawn on the general lines of form of Agreement for Joint Use of

Passenger Station Facilities and is submitted as a tentative form for dis-

cussion and criticism.

President Ray:—Is there any discussion on this form from the floor?

This proposed form is submitted by the Committee for consideration
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during the coming year, with the idea that it will be presented for adop-

tion next year in case it is satisfactory to the Association.

Vice-Chairman Irwin :—The report on balance of the work of Com-
mittee XX, under Sub-Committee No. 3, will be made by Mr. E. L. Taylor,

chairman of the Sub-Committee.

Mr. E. L. Taylor (New York, New Haven & Hartford) :—The form

of option for the purchase of land was submitted last year and we present

this same form appearing on page 508 for adoption this year. There

has been one minor change by omitting the words "acceptance subject

to examination of titles shall be considered an unconditional acceptance."

I move this form of option be adopted and included in the Manual.

President Ray:—You have heard the motion. Is there any discussion?

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe) :—About the

center of this proposed form of option you will notice the provision is

made for the payment of a lump sum of money "payable as follows." It

probably is the intent of this Committee to leave the necessary blank lines

after that statement for writing in the terms of payment. It is neces-

sary that there be space left after the words "payable as follows" in

which to write out how it is intended that it shall be paid. The fol-

lowing sentence then reads "The Railway Company will pay for examina-

tion of titles ; interest, taxes, water rents and insurance to be prorated

as of the date of delivery of the deed."

I assume that it is the intention of the Committee to provide that

the railway company will pay these matters outside and above the lump
sum mentioned above. If it is, it seems to me the word "further" should

precede the work of the railway company and then read "free of all

liens and incumbrances by warranty deed for blank dollars payable as

follows" a blank space, "the Railway Company will pay for examination

of titles, etc."

It should be made clear whether or not the payment for examina-

tion of titles and such matters is to be paid by the railway company out-

side of the agreed lump sum mentioned.

Mr. E. L. Taylor:—Will Mr. Baldridge be satisfied if we change

the paragraph so it reads, "The Railway Company will also pay for

examination of titles"?

Mr. C. W. Baldridge:—Mr. Chairman, that is perfectly all right,

but something should be shown to make it clear that the payments for

title are not included in the lump sum agreement or that they are

included, whichever it is intended that it should be. Any wording

that will make that point clear is satisfactory.

Mr. E. L. Taylor :—We will make that change and insert space im-

mediately preceding that paragraph, to provide for the writing in of the

amount of payment.

Subject to those corrections, the form is now submitted for adop-

tion and inclusion in the ^^anual.
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President Ray:—Any further discussion? The motion which is now

before the house is the adoption of this form appearing on page 508 as

amended to be included in the Manual.

(The motion was carried.)

Mr. E. L. Taylor :—The form of agreement for purchase of electrical

energy as submitted for discussion last year is again submitted this year

for the same purpose. The Committee feels that the form is not yet in

final shape and there is opportunity for considerable improvement in it.

We should be glad to have your suggestions for changes.

The Committee also submits for information and discussion an

additional form, that of agreement for joint use of poles on railway

right-of-way. In considering this assignment, it seemed to the Com-

mittee that there were two distinct agreements, one to serve as an

agreement with a telegraph company operating on the lines of a railway,

and another merely for joint use of poles here and there on a railway.

The matter of agreement with the telegraph company is a very large

subject and for the time being we felt we should not undertake it so

that this form is intended only to be merely used for poles here and

there. We should be glad to have your comments and suggestions with

regard to this.

Vice-Chairman Irwin:—Mr. President, this completes the report of the

Committee and the Committee requests the acceptance of the report as

a whole.

President Ray:—You have heard the motion that the report be ac-

cepted as a whole. Is there any further discussion on the report?

Mr. D. J. Brumley (lUinois Central) :—Mr. President, referring to

the form of agreement for purchase of electrical energy, on page 509,

I assume that this proposed agreement is intended to cover the purchase

of small quantities of electrical energy, probably such as railroads use

in miscellaneous light and power round terminals.

It might be well to amplify the contract and make it include the

purchase of large quantities of energy such as railroad companies would

be required to purchase when steam is changed to electric propulsion on

terminals. I would like to suggest two or three changes in the contract.

If it is proposed to use this form of contract for the purchase of

energy for traction purposes, the sixth section on page 509 might be

amplified to take care of the growth of the railroad company's business

on either the purchase of current for miscellaneous light and power or

the purchase of current for traction. As written this would limit the

purchase to a certain amount, but it occurs to me some provision should

be made in this section to permit of a normal growth of the railroad

company's business.

Section 7 refers to the base price of fuel, either coal or oil. In this

case, the cost of fuel is one of the factors, but the heat content of the

coal is also another very important factor. I would like to suggest to

the Committee that they consider the use of an equation or formula which
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would take into consideration the heat content per pound of coal or per

unit of oil. There are a great many varieties of coal used in the genera-

tion of electrical energy. The coals on the Atlantic seacoast have a

greater heat content per unit than those in the Mississippi Valley, so the

price of coal, while it is an important factor, is not the only one. I

think the heat content of the coal is likewise important.

Vice-Chairman Irwin :—Mr. Brumley, the Committee is very glad to

have these suggestions and will take them under consideration. I would

like to ask Mr. Taylor if he wishes to make any reply to Mr. Brumley's

suggestions.

Mr. E. L. Taylor :—I have no comment except we do feel, Mr.

Brumley, this agreement is only in preliminary shape. We are very glad

to have suggestions of this kind.

Mr. Brumley:—Mr. President, if it is acceptable to the Committee,

I would be glad to write them regarding these two matters.

Vice-Chairman Irwin:—Any further discussion? That is what the

Committee wants, constructive discussion on these questions.

President Ray :—As this finishes the report of the Committee, they

are dismissed with the thanks of the Association. (Applause.)



DISCUSSION ON WOODEN BRIDGES AND
TRESTLES

(For Report, see pp. 515-552)

Mr. A. O. Ridgway (Denver & Rio Grande Western) :—In addition

to the customary revision of the Manual, there were three subjects

assigned to the Committee for this year's work. These three we believe

are in final form for the membership. The first subject, the revision of

the Manual, is presented under Appendix A on page 517. It may be that

owing to what has transpired since the opening of the convention, Mr.

Austin, chairman of the Sub-Committee, has something to say in presenting

this report.

Mr. H. Austin (Mobile & Ohio) :—Mr. President, the report found

on page 517, Bulletin 273, is rather short. Since there is a matter of policy

involved, I will read the report if there are no objections.

(Mr. Austin read the report on page 517, Bulletin 273.)

Mr. H. Austin :—There is a question about the action of the Commit-

tee in revising rules or suggesting revisions of rules to the Committee

on Rules and Organization. There seems to be some misunderstanding or

conflict when one committee adopts or brings in for adoption rules for

inspection of bridges or such like and the Rules and Organization Com-

mittee brings in rules for the same thing. This Committee feels it is

the work of the Committee on Rules and Organization and it is our

business to cooperate with that Committee to the fullest, and anything

pertaining to rules we will not bring up for revision.

I was glad to hear the President talk about a little extra accumula-

tion of funds, in his address on Tuesday. This Committee has felt for

a good many years that the Association could well afford to spend a

little additional money on the form of our Manual, and I hope the

Board will give serious consideration to the suggestion that the work

of each Committee be made in a pamphlet form, made so that the whole

could be combined in a loose-leaf binder, and then at the close of each

convention, revisions be sent out so that they could be put in back of

each of these pamphlets. This Committee has frequent occasion to refer

to the Manual, and you have to look in the Manual and then in the

Proceedings, then in the discussion, before you can tell whether you

are up-to-date or not, and I hope the Board will consider some method

of sending out promptly after each convention revisions so that we can

check right away and tell whether we are up-to-date or not.

Chairman Ridgway:—The second subject for your consideration is

study and report on the Useful Strength of New, Old and Treated Tim-

ber when used in Railway Trestles, Including a Critical Examination of

the Present Theories of Stresses When Applied to Timber Under Rail-

way Load Conditions.

This report will be presented by the chairman of the Sub-Committee,

Mr. W. E. Hawley.

1366
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Mr. W. E. Hawley (Duluth, Missabe & Northern) :—Mr. President,

the report of this Committee on the subject just read by Mr. Ridg-

way is found on pages 518 to 521 of Bulletin 273. The work has been

before this Sub-Committee for some three years and the Sub-Committee

has found some difficuUy in adding any additional valuable information

without more laboratory work than has been available during the last

four or five years, so the Committee has briefly outlined its conclusions

on page 521. I shall not stop to go into those; the report is offered for

information and you will have time later on to look the report over.

President Ray :—Is there any discussion on this part of the report

of the Committee before they proceed?

Chairman Ridgway:—The next subject for your consideration is a

report on the Classification of Uses of Timber and Lumber under Amer-
ican Railway Engineering Association Specifications.

Perhaps it would be advisable for me to add a word of explanation.

This subject came to us at the request of the purchasing officers of the

railroads. They were not able to determine from our specification just

what grades and kinds of lumber could be purchased under them. The
specifications were said to be indefinite, somewhat unworkable, and if

orders were placed for certain kinds of lumber for timber, it was a

difficult matter for the producer to determine just what portions of

the specifications would apply to the particular kinds of lumber or tim-

ber ordered.

Again, it appeared difficult for the purchasing officer to cite the

producers to just the portions of the specifications which would apply

under any particular orders. Therefore, the Committee on Outline of Work
assigned us this subject some two or three years ago. Due to the

somewhat chaotic condition of the lumber industry and also due to the

widespread efforts which were being conducted in order to simplify the

lumber industry in grades and classes and sizes, etc., the Committee

thought best to defer as long as was consistent the reporting on this

particular subject.

As you know, the Central Committee on Lumber Standards has been

organized. The Consulting Committee has been organized and con-

ferences have been held at the instance of Secretary of Commerce Hoover,

so that at the present time there are extant American Lumber Standards.

It is felt now that if these are issued and published the Committee can

report on this specific charge of saying what kinds or grades of timber

shall be used for what purposes. It seems, however, that this particular

phase cannot be presented without first representing for your considera-

tion the specifications of the American Lumber Standards. The Chair-

man of the Sub-Committee who had in charge this work is absent and

in his absence Mr. W. E. Hawley, who, as you all probably know, is

the Associalion's representative on the Central Committee on Lumber
Standards, will present the report.

Mr. W. E. Hawley :—The report of this Sub-Committee is contained

in Bulletin 273, pages 522 to 545. It is divided into four parts counting
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the introduction and Exhibit A, which is an exposition of the American
himber standards ; Exhibit B, which is the general rules for structural

grading, and Exhibit C, which is the application of these rules to the

various uses in which the roads are interested.

In the introductory chapter or paragraphs, the outline is shown on

which the Committee has worked, and your chairman has made allusion

to the work of the Central Committee. I would Hke to digress here

just long enough to call to your attention the foundation work on which

this work has been laid. The lumber industry has been working in

organized form from some time before the year 1919. It started in

with the active work of the National Manufacturers' Association to

secure better methods in the manufacture of lumber. They attempted

to arrive at some standard in sizes and in grades. They found that it

was advisable to call in the distributors and consumers.

In 1922 at a general conference in which all were represented, they

formed or gave authority for the formation of a Central Committee which

would take the whole matter of arriving at more suitable methods in

the lumber industry in their hands and push it as rapidly as possible.

In 1922 the Central Committee was formed and I was nominated and

appointed by the American Railway Association to be the representative

of the railway interests in this important problem. The problem is im-

portant to the railroads because we use about 25 per cent of the total timber

output of the country, somewhere about 16 per cent in lumber and material

of that type and some 10 per cent in ties and poles and fence posts and

miscellaneous uses.

In addition to that we are interested in lumber as carried on and

sold under the right methods because we buy products from many other

industries. We buy products from mines ; mines use timber in their

work. We buy material in crates, and lumber is used in crating. We
buy lots of other material. The railroad interest is very great and

should work towards the standardization of the lumber industry. Lum-
ber is manufactured by some 38,000 mills ; some 43,000 retailers handle

the material. The problem of getting unity of action has been slow and

difficult. We all know the size of the railroads in the country, we know
it is difficult even to get them to unified action in bringing lumber stand-

ards into use. The Central Committee and the valuable help that the

Consulting Committee has given has gone on these three years, and last

April at a general conference in Washington certain things were agreed

upon unanimously in most cases and were ordered to be started as an

American lumber standard July 1st, 1924.

Those standards have made progress. Some ninety-one per cent

of the lumber that has been sold by the Southern Yellow Pine Associa-

tion has been sold on the basis of these standards, which are in effect

now. They are being used in every-day business. The standards have

been offered to you for consideration in Exhibit A.
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At the same time, the work was separated into two truly different

departments, the subject of hardwood grades being held open for more

mature discussion, because of the difficulties of the problem and because

of a little less interest in that problem. The softwood grades have been

taken care of.

The structural timber situation now is in a form which has been

approved by the Central Committee in the form of basic specifications

which are now offered to you in Appendix B, which puts it in practical

form to use for picking out lumber for structural purposes.

In Exhibit C the Committee has gone through and applied these

two different grades as a lumber grade and the structural grades to

the purposes for which they are suitable and has outlined practically a

complete catalog of the general uses that the railroads have for tim-

ber and lumber.

The Committee wishes at this time to get your approval of these

standards and I move that the matter set forth in Exhibits A, B, and

C be adopted by the American Railway Engineering Association and

printed in the Manual.

Chairman Ridgway:—I second the motion, Mr. Chairman.

President Ray:—You have heard the motion. It is now open for

discussion.

Dr. Hermann von Schrenk (New York Central Lines) :—In opening

the discussion on the Committee's report, and speaking specifically to

the recommendation made for adoption of these rules, I would like to

offer a substitute motion, and that is that Exhibit B and Exhibit C be

adopted as information only.

In explanation of that motion, sir, I would like to offer the follow-

ing explanation : as the Chairman told you, there probably has been

in the last five or six years no greater effort ever made toward the

standardization of structural and general lumber uses by not only the

American lumber industry but by Engineers and Architects. The Amer-

ican Lumber Standards Committee, which Mr. Hawley has been talking

of, has worked very hard, and I think the gentlemen composing the

Committees are entitled to a good deal of credit.

I would like to clear up a slight confusion, however, in what the

American Lumber Standards exactly have accomplished. They started

out under the leadership of Mr. Hoover to bring about first of all a

basis for writing grades and up to the present time all that the American

Lumber Standards have done is to develop a basis for writing grades.

The American Lumber Standards have not written a single grade either

for structural timbers or- for yard lumber. In other words, I would like

to have it very clearly in mind that there are two things. In the first

place, methods for writing grades ; in the second place, actual grades.

Now in the simplified practice recommendation recently issued by

the Department of Commerce that is brought out very clearly, and I

would like the privilege of referring now specifically to Appendix B,
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dealing with the structural timber, reading the following paragraph

from the bulletin issued by the Secretary of Commerce. The paragraph

is headed, "Basis for Structural Timber Grading. After many confer-

ences between sub-committees of lumber manufacturing associations, the

American Railway Engineering Association, the American Society for

Testing Materials, and the Forest Products Laboratory, basic provisions for

structural timber grading were presented to and approved by the Central

Committee on Lumber Standards at its meeting July 1, 1924, in Chicago,

and the interested manufacturers' associations were authorized to put

into efifect as tentative standards rules based thereon."

I would like to repeat that what the American Lumber Standards

has recommended is a basis for writing rules, that they have recom-

mended to the various lumber manufacturers' associations that they adopt

these basic methods for writing rules with the suggestion that they get

to work and write actual rules.

They have also suggested that those actual rules may be made tenta-

tive rules. Now, as a member of the American Society for Testing

Materials, I have had the pleasure of acting as a member of the Con-

sulting Committee and attended, also, all but one of their meetings. I

have been impressed with the earnestness of the discussion, but have

also been impressed with the confusion that Tias occurred in the minds

of some as to what we were actually doing. We were not writing rules

but the basis for rules.

As a further explanation of my reason for requesting that the Com-
mittee bring in this matter as information only, actual rules for the grad-

ing of structural timbers have not been written by any of the manu-

facturers' organizations on a tentative basis. The Secretary of the

Southern Pine Association advised me by wire yesterday that the rules

under which they are manufacturing structural timbers are the rules

of 1917. They are still considering the methods for adopting these basic

provisions of the American Lumber Standards and the actual prepara-

tion of rules which we can give to purchasing agents. As a further

matter of information, neither the American Society for Testing Ma-
terials nor the American Railway Engineering Association (as I am in-

formed by Mr. Foley, who is the representative on the Consulting Com-
mittee) have not officially approved the basis of grading yet. In fact, that

is not coming up before the Central Committee until next Saturday's meet-

ing in Washington, and will not be brought up before the American

Lumber Standards conference until the meeting that is now scheduled to

be held in May in Washington.

In other words, while we have been very busy working on the sub-

ject, all that has been done so far is the development of a basis and not

of actual rules. The only actual rules I know of that have been sug-

gested were those suggested last year by the American Society for

Testing Materials, and that, I may say for your information, was ratified

at a committee meeting held here yesterday. We have not considered
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the matter in such shape yet that we think of presenting them as tenta-

tive rules.

We are going to recommend them to the American Society for

Testing Materials in June this year as a continuation of information for

further discussion, because we believe the subject matter of such im-

portance that it is not yet ready for adoption as standard.

Turning to the Committee's report, if you please. Exhibit B is Gen-

eral Rules for Structural Grading. On page 538 the Committee has

given us Structural Grade Examples. These are not grading rules but

are examples of how to grade. However, they are not rules that we
can hand to the purchasing department and ask them to purchase any

particular grade of lumber. You will note that there are certain speci-

fications as to density, as to heartwood and sapwood, on page 537, that

should be incorporated in the writing of rules, all of which is excellent

and should be considered.

What I would like to see the Committee do is use this basis and

next year give us actual rules. Furthermore, I am of the opinion that

before w'e have these actual specific rules for grading timbers, it would

be too bad to remove from our Manual actual rules which we now have

and have no substitute except a method.

In speaking of Exhibit C, I have the same objections. This is the

most valuable classification which the Committee has yet submitted to

us, but on the other hand, it again has this criticism : you cannot give this

to a purchasing agent, nor can the Engineer use it today in any specific

manner. For instance, take the first item. Combination and Howe Truss

Spans, Compression members ; the second column is headed American

Lumber Standards Grades Recommended for Use. I am unaware what

that means, because the American Lumber Standards has no grades.

They have adopted some suggested terminology to be used by the manu-
facturers' organization to write these grades. There is not any such grade

as select structural manufactured by any organization today, and it does

not say whether it shall he fir, pine, or anything else.

We, on the New York Central, have been working for the last five

years, using the original basis which the Committee gave us some years

ago on classification. The President has just issued a circular on the

use of lumber based on this type of method. We have done this : we
have used the first column of the actual articles and then we followed

with two columns, one for treated lumber and another one for untreated

lumber, and we have given in the columns the actual grades which can

be purchased in the market today. We hope that just as soon as the

Southern Pine Association and the Douglas Fir people and the rest of

them write actual grades in accordance with the suggested methods, we
will substitute the new grades for those that we now have in the actual

standards.

I believe, therefore, until the Committee can give us actual grades

to substitute for those which we have in the Manual, we should not take
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those out of the Manual because it would leave us high and dry, and we
would not have anything to purchase under, except the general instruc-

tion as to how we should write grades, and Lord knows that is a difficult

job enough for the specialist, and puts the average Engineer up against

it to know which one of the particular sections should be picked out in

the actual work.

I think the Committee should be complimented for the work done, but

for the reasons given I think it would be better policy to defer definite

adoption until there is unanimity between all.

I move you, sir, therefore, that Appendices B and C be accepted as

information, and Appendix A be incorporated in the Manual.

President Ray:—There is already a motion before the house that

Exhibit A, B and C under Appendix C should be included in the Manual,

so that the discussion is on that motion at the present time.

Mr. W. E. Hawley:—Dr. von Schrenk has spoken of a situation with

reference to the Central Committee and Consulting Committee not hav-

ing written a uniform lumber grading rule for all regions. A little

explanation may be due on that. The work is all based on the published

reports at Madison. The technical information has been taken largely

from their work, combined with experience and judgment of practical

men in the industry. They must apply the rules to their own material

and apply them so there will be no conflict with their customers. You
all know there have been some thirteen or fourteen regional sections that

have gotten out grading rule books for many years and who have ad-

vertised their names and trained their inspectors to handle the material

which is peculiar to their own district. Many of us thought from the

start that it would be possible to write all of these regional rules on one

copy.

There was a diversity of opinion and the opinion was against that

possibility. It was then found desirable to adopt a basic rule, which

would be correct technically according to the best scientific knowledge,

and then ask the regional associations to write their rules in conformity

with that basic rule, leaving to them the privilege of writing their descrip-

tions of products they were going to put out in conformity with the

natural qualities of that material.

Some of the associations are working on prime wood where the

defects are not so numerous ; other associations are working on cut-

overlands and other depleted sources and they have more defects. It

would be a hardship on some to require them to work out their rules

in the same form as to defects as in other regions, so it is agreed that

they would all work toward basic definitions and then write their rules

to conform to that and those would be checked up and inspected by

technical men employed by the Central Committee to see that the work
was carried out in good faith.

That work has been done along those lines and the work has been

carried out in good faith by the associations.



Discussion 1373

There is surprising difference in qualities of woods from the different

districts. The same terminology is now being used in all the regions.

In other words, a No. 1 means the same thing in all districts. The
lumber standards have also crystallized opinion away from going to thin

boards like ^-inch boards, which were becoming a nuisance and a detri-

ment to the trade, the smallest standard being 25-32.

On the structural subject, that is concerned in by a fewer number

of regions which have structural timber, .and it has been a little slower

in development. I understand from contact with it there is no disagree-

ment as to fundamental facts as to the grades for structural timber. We
have had representatives of the Southern Yellow Pine and West Coast

Lumber Associations, and the Forest Products Laboratory in on this thing,

and it is practically agreed on the size of defects and the terminology

used. There is a little editorial difference due to the fact that when
this committee met last November the work had not been advanced as

far as it is today, but, as I understand, there is no difference in sub-

stance on what the rule should contain. I think Dr. von Schrenk refers

possibh^ to something in editorial form. I believe this, that this Associa-

tion should not be deterred from going ahead and using its independent

judgment in adopting rules W'hich the Forest Products Laboratory at

Madison will be willing to say are technically correct, and if anything

it is a question of editorial form rather than a question of fact.

Dr. Hermann von Schrenk:—Mr. Hawley, might I ask you a

question? Am I not correct in saying w-hat the Committee is pre-

senting is a basis for writing grading rules and not a grading rule?

In other words, t"he Forest Service, from my best information, has never

written a single rule, they have given us the means for writing these

rules. And is it not a fact that what-the Committee is presenting today

is not a rule for purchasing lumber, but a basis for writing such rules?

That is the contention that I am making.

Mr. W. E. Hawley:—Doctor, the rules presented here in Exhibit B
are intended to be the working rules of this Association. The basic,

rules as adopted by the Central Committee and to which these conform

are in a little different form and were not presented last year, I believe.

This form as offered here now^ is intended to be the every-day working

form used by this Association.

It is true that the Doctor quoted the fact here of titles General Rules

for Structural Grading and Structural Grading Samples. Those are just

mistakes in editing the report. The intention is the substance of this

report will be actually working grading rules.

President Ray:—Mr. Hawlej% in order to help clear the matter up,

I would like to ask, what part of your Appendix B for General Rules

for Structural Timber would take the place of the title in our Manual

—

Structural Grades for Bridge and Trestle Timbers—which appears on

page 336? I believe that is the point that Dr. von Schrenk raises. This

part of the Manual is what the Engineer turns to to get his grade for

structural timber. What takes its place in your proposed rules?
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Mr. Hawley:—The work as shown in Exhibit B will take the place

of the material in the Manual from page 336 through to the top of page

342.

President Ray :—Further, if you please, the point I make is this

:

here is an Engineer ; he wants 500 8x16 stringers put under loading of

70,000 axle loads and he wants to get it as quick as he can and ask the

purchasing agent to make the purchase. He gets it out of our Manual
at the present time from page 336 under the caption Structural Grades

for Bridge and Trestle Timbers. Now where will 'he get that definite

specification in your report? That is the point I understand the Doctor

is raising.

Mr. Hawley :—He will turn to page 539 and he will find there beams

and stringers. If he is going to use an 8-inch stringer, he would find

the size of defects there allowed on that 8-inch face. If the stringer

is to be 18 inches deep, he would find the defects allowed on the wide

face. In that same tabulation he would find the size of shake and check

allowed on the timber. He would find the angle of grain, and he would
find there two different grades, select and common. I would take it

from the form of the question that he would probably use the select

grade, which is headed at the top there, and defects in the column in

there.

The interpretation of those sizes would be shown in the previous

rules which show the size of knot holes, how they are measured, how
checks, shakes and splits are measured, also indicate that he could order

dense if he desired by the mere statement, ordering dense.

Dr. von Schrenk :—Following Mr. Ray's suggestion, if he will par-

don me, because that is exactly what I was driving at, in other words,

if he wanted to buy a high grade structural timber, he would have to

turn over to page 538 and pick out for himself which column he wanted

to use, select or common, then he would have to pick out for himself the

defects mentioned below, then he would have to turn back to page 537

. and read all those paragraphs and make up his mind as to which one

of those he was going to specify and write his own specification there,

his specification for heartwood and his specification for sapwood.

That is the point I am raising, these are all excellent points to be

considered in writing the grades, there is no disagreement about that

part of- it, hut there are not any grades actually written out for him. In

our Manual we have a definite grade which we can take from the page

now and hand it to the purchasing agent. Instead of that the Commit-

tee now gives us a basis for writing some grades that are probably very

good, but they do not give us the actual grades.

Mr. President, as. a matter of interest, I would like to submit as part

of my discussion, with permission to print what I mean the actual grades

as they have been written by the timber committee of the American

Society for Testing Materials. (See pp. 1382-1388.)

In the Manual, for instance, the first point is knots, and tells what

knots are allowed. They have written out the actual grades so you
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can use them as purchasing grades. What I would like to see the Com-

mittee do is to use these basic factors and give us some actual grades

before they take out the grades in the Manual, because if they take them

out we have nothing left.

Mr. B. R. Leffler (New York Central) :—In dealing with purchasing

agents, remember that we must refer to specifications by a precise title

put on the requisition, for instance, "This timber is structural grade in

accordance with specification Number so and so, issued by the American

Society for Testing Materials under definite serial numbers."

I want to ask Mr. Hawley if it is possible to use the suggested revision

in that way. If it is not possible, I do not think the specifications are

serviceable for the purchasing agent.

Mr. W. E. Hawley :—I think I am quite clear on the viewpoint

expressed by Mr. Lefiler and the viewpoint of Dr. von Schrenk. It is the

repetition of a battle fought in this same hall in 1921 when the previous

specifications were adopted by this Association. At that time some of the

members wanted us to put out specifications for each purchase of timber.

After that was adopted, at the request of the purchasing section, I

started in to try to develop a series of specifications, putting each in a

separate pigeonhole. After it was completed I had twenty-eight varieties

and then it was not finished. If I multiplied it by the number per type,

I would have had fifty-six or fifty-seven varieties. I do not think it is

going to be desirable to this Association to attempt to make as many
specifications as there are uses in the railroad field. We have too many
uses and we have too many different kinds of timber; we have too many
opinions of Chief Engineers.

We have offered here the foundation for technical information that

the Chief Engineer or his assistant or his forester may from the district

in which he buys timber combine them and make specifications for spe-

cific uses. I understand Dr. von Schrenk is performing that service for

the New York Central, and is doing a very good service, but in adding

that to the Manual now, I am very sure few of the roads will want to

pick out those number serials specifications and use them identically as

offered.

Furthermore, I believe this Association should slick to one outline

form, if you want to call this an outline, and get the number of organi-

zations to work to that rather than having so many different varieties.

We found it very hard to get the manufacturing associations to even

be willing to accept to offer in selecting stocks all of these grades we

have offered here, and if you are going to multiply it by a good many
more you are going to have additional difficulty.

Mr. J. R. W. Ambrose (Toronto Terminals Railway) :—I would like

to support the motion presented by the Doctor. This, as I understand it,

is a Committee on Wooden Bridges and Trestles. There are not very many

units in a trestle or a wooden bridge. We have in the Manual today a

perfectly good specification for most of those units. I cannot understand

why we should eliminate that at this time and put in something indefinite.
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Mr. A. F. Robinson (Atchison, Topeka & Santa Fe) :—This timber

grading proposition is in the process of development. By the time the

Central Committee on Lumber Standards gets through, the result will

probably take up a couple of hundred pages in our Manual, if we wanted

to publish it in that way. This information will all be published in Bulle-

tin form. It is all well and good to publish what the Committee has

given us as information, but it seems to me it is radically wrong to sub-

mit to the Society what purports to be a set of rules or specifications,

that have been submitted by this Committee. It is a good deal like rain-

bow chasing. I think that Dr. von Schrenk is exactly right in his con-

tention. You could submit these rules, if you would, to any purchasing

department or to any lumber manufacturer in the country and I doubt

if you could buy lumber under those rules.

I think you should accept this report as information and later on if

it seems wise when the Central Committee has further developed the

matter, publish, if you will, the whole of it or a concist of the results.

It seems to me that we should not burden the Manual with a lot of in-

definite stuff. We ought to stick to something that is definite and posi-

tive. I doubt if we could buy any lumber under these rules.

President Ray:—Any further discussion?

Mr. D. F. Holtman (Construction Engineer):—I should like to

call attention to the fact that the structural timber rules as they

now appear in the Manual are obsolete. They are not in line with recent

recommendations of the Forest Products Laboratory and the terms No.

1 Structural and No. 2 Structural Timber Grades are terms which are

not famihar to most manufacturers. In the specifications that are now
presented we have for the first time a definite tie-up between defects and

working stresses arranged in a practical manner. One of the great diffi-

culties in specifying timber in the past, as you probably all know, has

been the difficulty of determining working values for the various lumber

grades that are purchased. The Forest Products Laboratory has been

testing timber for over twenty years. 'This long testing experience has

lead to the development of definite relationships between the various

defects that occur in lumber and stress values which can safely be assigned

to lumber or timber which contains certain sizes of defects, grouped in

certain ways. The rules which are now presented are based on the Forest

Products Laboratory's research. They are written in such a way that

they can be applied and interpreted by inspectors, and your Committee
felt that they afford the solution of the structural timber problem which

has been such a puzzling problem so many years.

It is the first time that a group of structural grades has been de-

veloped which meet the needs of the technical specifying consumer and

also fulfill the practical requirements of the manufacturer. My feeling

is that these grades are as well defined as it will be possible to define

structural timber grades which can be interpreted readily by producers

and which at the same time will meet the rigid requirements of the
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technical user. I believe they represent a very decided step forward. I

believe that we would be acting unwisely if we failed to recognize the

fact that the rules now appearing in the Alanual are out of date and

that the material which your Committee is presenting is the result of

a thorough and painstaking effort to have rules incorporated in the

Manual which reconcile the practical and the technical viewpoints and

which can actually be applied in everyday practice.

Dr. Hermann von Schrenk:—I would like to make objection to

Mr. Holtman's statement. He says the rules are obsolete. A few

minutes ago I had a telegram from the Secretary of the Southern Pine

Manufacturers' Association who manufacture most of the Southern pine

structural bridge and trestle timbers, advising the}' are still manufac-

turing and still selling structural yellow pine under the rules of the

A.R.E.A. I personally just approved three large contracts with the West

Coast Lumber Alanufacturers' Association under the present rules of the

A.R.E.A., which orders were taken by the mills and are being furnished.

In other words, I hardly think under those circumstances he is warranted

in saying our rules are obsolete.

Mr. D. F. Holtman:—Mr. Chairman, I do not w'ish to leave the

impression that the grading rule books of the Southern Pine Associa-

tion do not contain a select structural grade. This grade has been

in the Southern Pine Grading Rules since 1917. The advantage of

these new rules is that they provide a select stringer grade which can

be more easily procured and which at the same time will satisfy all

strength requirements. I do not wish to convey or to leave the im-

pression that either the Southern Pine Association or the West Coast

Lumbermen's Association do not furnish select stringer grades but I

wish to emphasize the thought that the proposed rules, which are in line

with the American Lumber Standards program, furnish you a complete

system of grading for structural timber that can be easily understood and

easily applied and which, when applied, will help promote a closer utiliza-

tion of forest products. I think that the Association would be taking a

very definite, constructive step if it acts upon the Committee's sugges-

tion and adopts these rules.

Mr. A. F. Robinson:—Mr. Chairman, in reference to this question

of working strength, I think if we foljow the rules or the unit stresses

noted in the Bulletin we will not build any more timber bridges. We
have to take care of impact as well as the live load and dead load

fiber stress. I do not think you could get enough timber into your

deck without getting deep pieces of fir that would handle the load.

With us we are using the standard A.R.E.A. impact formula. We figure

in the dead load, the live load and the standard impact, and when the

total unit stress exceeds 2,600 pounds, I try to stop the loading, and with

this 2,600 pounds fiber stress there is something like fourteen classes of

our heavy engines that exceed the limit. We have to look with a good
deal of care at the stringers. We have to watch them \cry closely to

l>c sure that we are safe.
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Now with this heavy power and the four-ply chords, the fiber stress

unquestionably goes up to 3,000 pounds t>r even a little more. I do not

think that we are entitled to accept these unit stresses in the way that

they are given, that is, a dead load unit stress.

Mr. W. E. Hawley:—Mr. Chairman, again history repeats itself and

the same old battle is fought again. However, the value here, if you

will notice on page 522, which is given for the selected grade ordinary

outside location is 1,400 pounds. The value which was adopted at the

convention of 1921 for No. 1 structural Douglas fir and for Southern

yellow pine was 1,400 pounds. These values are in conformity with

previous work of the Association. The work previous to that 1921 adop-

tion was some 1,200 or 1,300 pounds per square inch. The viewpoint

that Mr. Robinson has brought into this matter is the old question of

whether we should add impact to the ordinary stresses before we apply

our unit stress per square inch, and we know well that the old rules

did not require that and the timber does not require it and the testing

laboratories show that it is safe and sound practice to use a value of

1,400 pounds per square inch and not include impact factor in that value.

President Ray:—The Chair dislikes to bring to a close discussion

on such an important matter, but it is getting very late. We have much

yet before us today.

Before asking for a vote on the motion, I want to clear up the

motion. It is that American Lumber Standards, Exhibits A and B,

Appendix C, be adopted by the Association and substituted for the speci-

fications for timber and lumber now appearing in the Manual.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :

—

I rise to a point of order. I think the vote that should be taken first is

on the substitute, which is an amendment.

President Ray :—That is correct. The amendment to the motion

was that the information ^contained in Exhibits B and C be accepted as

information.

Before presenting this, I would like to say one thing. We ought to

be careful about getting information into our Manual as recommended

practice which should not be there. On the other hand, when we have

definite information in our Manual we should be very careful about

removing it.

The Board and the Association was more or less seriously criticized

within the last year by one of the railroad presidents because he was

unable to pick out a definite thing which he thought should be in our

Manual, such a point as has been raised here, and he was right. There

was a lot of information to be found, but he could not lay his hands on

the very definite thing which he wanted. I wish to call that to your

attention before you vote on this question. It is a serious point that

we ought to consider and must consider in carrying on the affairs of

our Association.
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The amendment, then, is that Exhibits B and C be accepted as

information.

Mr. McDonald :—I seconded Dr. von Schrenk's motion and I under-

stood that the motion, if adopted, would exclude this publication from

the Manual, it would be published in the Proceedings but not in the

Manual. I think that ought to be made clear.

President Ray:—That is right. According to the way the motion

now stands, Exhibits B and C will be published in the Proceedings but

not in the Manual. All those in favor of the amendment let it be known
by the usual sign. Contrary. It is so ordered.

Now the original motion is before the house, which is that Exhibit

A be substituted for what is now the Manual.

Dr. von Schrenk:—Do I understand that the carrying of that motion

would mean that Exhibit A would take the place of all the rules we
now have in the Manual?

President Ray:—The original motion is not voted on yet, but as I

understand the Doctor's amendment. Exhibits B and C are to be in-

cluded in the Proceedings but not in the Manual.

Dr. von Schrenk:—In order to clarify the situation, I would like to

ask if the Committee would accept this substitute : that the American

Lumber Standards, Exhibit A, be adopted by the Association and printed

in the Manual. That would leave our present rules in the Manual.

Chairman Ridgway :—Mr. Chairman, I do not know how the Com-
mittee feels as a whole, but I certainly would not consent to such a

substitution. In my opinion, 30U would have too much conflict with our

specifications in the Manual. I think you ought to take it all or leave

it all.

Mr. McDonald :—Mr. Chairman, as the seconder of Dr. von Schrenk's

motion, I feel that it would bring about a great deal of confusion if we
published A in the Manual and left these others out. I think the whole

question should be deferred until a later time when these subjects may
be cleared up and the Manual in the meantime should stand as it is.

Mr. John Foley (Pennsylvania Railroad System) :—Do you mean
there would remain in the Manual all the rules that exist at present? That

would be unfortunate, because American Lumber Standards provide a

different nomenclature.

Dr. von Schrenk:—As I understand it, part A is simply simplified

practice recommendations of the American Lumber Standards as adopted

by the Dcpartrncnt of Commerce. I do not see that that would come into

conflict at all, except as to nomenclature of the proposed rules which

are to be written in the future.

Mr. Foley :—I believe the Committee is right in recommending that

Appendix A be substituted for the yard lumber grades in the Manual at

present.

Dr. von Schrenk:—I would have no objection to that but to leave

the structural timber rules as they are.



1380 Wooden Bridges and Trestles

Chairman Ridgvvay :—Mr. Chairman, I for one should vote against

any such motion. I think if you will not accept Exhibits B and C that

it would be far better to carry Exhibit A along with the others until

some later time. Mr. Chairman, I so move, and if it is agreeable to the

Association and to the Chair, and with the consent of the originator,

I would withdraw my second to the motion.

The maker of the original motion is willing to withdraw it, and,

therefore, I move you that we submit this material, Exhibits A, B, and

C, in Appendix C, as information.

President Ray:—If there is no objection to that procedure it will

be so referred. The Chairman may proceed.

Chairman Ridgway:—We had a fourth subject upon which to sub-

mit a report, Relative Merits of Open and Ballast Deck Timber Trestles.

Mr. Tuthill, the chairman of this Sub-Committee, asked that I present

the report of the Sub-Committee.

I simply call your attention to the text on pages 546 to the upper

half of page 550. Calling your particular attention to the conclusions

reached on page 550, I move that the conclusions numbered 1, 2, 3, and

4, together with the two diagrams on page 551, be printed in the Manual

and adopted as recommended practice. (Mr. Ridgway read the con-

clusions.)

May I not call your attention to the fact that this has no reference

to whether material is treated or untreated, but the comparison is general?

President Ray:—You have heard the motion. Is there any discussion?

Mr. H. C. Crowell (Pennsylvania Railroad System) :—Our old friend

the annuity formula is back again. We are glad to see it. The members of

this Association will now have a chance to record whether or not they favor

the annuity formula or the straight line formula. I think this report is

very excellently presented and I feel sure it is not too complicated for

most of us to understand.

President Ray:—Is there any further discussion? If not, all those

in favor of the motion let it be known by the usual sign. Contrary.

It is so ordered.

This finishes the work of the Committee and the Chair wishes to

thank them for the great amount of work which they have done and

presented to us. We also congratulate them for being able to bring out

so much discussion from the floor. We dismiss them with the thanks of

the Association. (Applause.)

Dr. H. von Schrenk :—The following grading rules were submitted

as information at the 1924 convention of the American Society for Test-

ing Materials. Attention is called to the fact that these rules are in

preliminary form and will probably be amended and corrected in minor

respects in the Timber Committee's report to be submitted at the 1925

convention.
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BASIC GRADES AS APPLIED TO DOUGLAS FIR AND
SOUTHERN PINE

I. Standard Grade Timbers

1. Douglas fir or southern pine timbers shall show not less than 6

rings per inch and not more than 20 rings per inch when measured over

the same portion of cross-section as prescribed for density determination

in the Tentative Specifications for Structural Douglas Fir (D 23-20 T)*

for Douglas fir and in the Standard Specifications for Yellow-Pine Bridge

and Trestle Timbers (D 10-15)° for southern pine.

Beams and Stringers

Basic Provisions

2. Knots (a) General.—The sum of the diameters of all knots

within the center half of the length of a beam shall not exceed the width

of the face on which they occur.

(b) Maximum Size.—The maximum size of knots shall be as follows:

Maximum Size of Knots, in.

Width of Narrow Face Center Line
Face, in. and Corner Wide Face

6 V/2 \V2

8 UA 2
10 2 21/^

12 ZVs 3
14 2^ 3^
16 21/2 3/2
18 25^ 3H
20 23/4 4
22 2^ AVs
24 3 4%

Increase in size of knot on wide face is proportional to distance of

center line of knot from edge of wide face, to a maximum at the center

line of wide face.

3. Shakes.—The maximum width of shakes shall be as follows

:

Width of Maximum Width of Shakes, in.

Face, in. Green Seasoned

6 P/^ 2
8 2 2^
10 2V2 3^
12 3 4
14 3% 4H
16 4 5^
18 41/2 6
20 5 6H
22 5V^ 7]4
24 6 8

^Proceedings, Am. Soc. Testing Mats.. Vol. XX, Part I, p. 704 (1920); also
1923 Book of A.S.T.M. Tentative Standards, p. 529. These specifications will here-
after be referred to in the abbreviated form: A.S.T.M. Specifications D 23 - 20 T.

' 1921 Book of A.S.T.Af. Standards. These specifications will hereafter be referred
to in the abbreviated form: A.S.T.M. Specifications D 10 - 15.
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4. Angle of Grain.—The angle o£ grain shall not exceed 1 in 15.

5. Wane.—The wane shall not exceed one-eighth of the width of the

narrow face.

Special Provisions

6. Heartzvood.—When resistance to decay without preservative treat-

ment is a factor, 85 per cent heart on each of the four sides should be

specified. See A.S.T.M. Specification D23-20T for Douglas fir and

A.S.T.M. Specifications DlO-15 for southern pine.

7. Sapzvood.—When preservative treatment is to be applied, 30 per

cent sapwood in cross-section should be specified. See Standard Specifi-

cations for Southern Yellow-Pine Timber to be Creosoted (Serial Desig-

nation: D 24-20) of the American Society for Testing Materials.'

8. Square Edge.—When appearance or bearing are factors, square

edge timbers should be specified.

Posts and Square Timbers

Basic Provisions

9. Knots, Maximum Size.—The maximum size of knots shall be as

follows

:

Width of Maximum Size

Face. in. of Knots, in.

6 IVz

8 2

10 2y2
12 3

14 3^
16 • 31/2

18 334
20 4
22 AVs
24 4%

10. Shakes.—The maximum width of shakes shall be as follows

:

Width of Maximum Width of Shake, in.

"Face, in. Green Seasoned
6 ' 21/2 3

8 31/2 4
10 4 5

12 434 6
14 51^ 7
16 6V2 8
18 7y4 9
20 8 10
22 83/4 11

24 9y2 12

' 1921 Book of A.S.T.M. Standards. These specifications will hereafter be referred
to in the abbreviated form: A.S.T.M. Specifications D 24 - 20.
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11. Angle of Gra{)i.—The angle of grain shall not exceed 1 in 10.

12. Wane—The ^vanc shall not exceed one-eighth of the width of

the face.

Special Provisions

13. Hcartzi'ood.—When resistance to decay without preservative

treatment is a factor, 75 per cent heart on each of the four sides should

be specified. See A.S.T.M. Specifications D23-20T for Douglas fir and

A.S.T.M. Specifications DlO-15 for southern pine.

14. Sapivood.—When preservative treatment is to be applied, 30 per

cent sapwood in cross-section should be specified. See A.S.T.M. Speci-

fications D24-20.

15. Square Edge.—When appearance is a factor, square-edge timbers

should be specified.

II. DENSE STANDARD GRADE TIMBERS

16. Douglas fir or southern pine timbers shall meet the specifica-

tions for density as prescribed in A.S.T.M. Specifications D 23 - 20 T
and DlO-15, respectively.

Be.ams and Stringers

Basic Provisions

17. Knots (a) General.—The sum of the diameters of all knots

within the center half of the length of a beam shall not exceed the width

of the face on which they occur.

(h) Maximum Size.—The maximum size of knots shall be as follows:

Maximum Size of Knots, in.

Width of Narrow Face Center Line
Face, in. and Corner Wide Face

6 1/2 1/2

8 1^ 2
10 2 2y2
12 2% 3
14 2-4 3J4
16 21/2 354
18 2% m
20 234 4
22 2^ 4%
24 3 4}4

Increase in size of knot on wide face is proportional to distance of

center line of knot from edge of wide face, to a maximum at the center

line of wide face.
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18. Shakes.—The maximum width of shakes shall be as follows

:

Width of AIaximum Width of Shakes, in.

Face, in. Green Seasoned
6 1/2 2

8 2 ZVs
10 2/2 3>4
12 3 4
14 31/ 45/^

16 4 5K
18 41/4 6
20 5 6^
22 51/4 71/4

24 6 8

19. Angle of Grain.—The angle of grain shall not exceed 1 in 15.

20. Wane.—The wane shall not exceed one-eighth of the width of

the narrow face.

Special Provisions

21. Heartzuood.—When resistance to decay without preservative

treatment is a factor, 85 per cent heart on each- of the four sides should

be specified. See A.S.T.M. Specifications D23-20T for Douglas fir and

A.S.T.M. Specifications DlO-15 for southern pine.

22. Sapwood.—When preservative treatment is to be applied, 30 per

cent sapwood in cross-section should be specified. See A.S.T.M. Speci-

fications D24-20.

23. Square Edge.—When appearance or bearing are factors, square

edge timbers should be specified.

Posts and Square Timbers

Basic Provisions

24. Knots, Maximum Size.—The maximum size of knots shall be

as follows

:

Width op Maximum Size

Face, in. of Knots, in.

6 IV2

8 2
10 21^

12 3

14 3^
16 3y2
18 3^
20 4
22 AVs
24 AVa.
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25.

—

Shakes—The maximum width of shakes shall be as follows

:

Width of Maximum Width oi" Shakes, in.

Face, in. Green Seasoned
6 2/2 3

8 31/2 4
10 • 4 5
12 4^ 6
14 5/2 7
16 C'/z 8
18 7y4 9
20 8 10
22 8.>4 11

24 9J^ 12

26. Angle of Grain.—The angle of grain shall not exceed 1 in 10.

27. Wane.—The wane shall not exceed one-eighth of the width of

.the face.

Special Provisions

28. Hearhvood.—When resistance to decay without preservative

treatrnent is a factor, 75 per cent heart on each of the four sides should

be specified. See A.S.T.M. Specifications D23-20T for Douglas fir

and A.S.T.TM. Specifications DlO-15 for southern pine.

29. Sapzi'ood.—When preservative treatment is to be applied, 30 per

cent sapwood in cross-section should be specified. See A.S.T.M. Specifi-

cations D 24 - 20.

30. Square Edge.—When appearance is a factor, square-edge timbers

should be specified.

III. COMMON GRADK TIMBERS

31. Douglas fir or southern i)inc timliers.

Beams and Stringers

Basic Provisions

32. Knots (a) General.—The sum of the diameters of all knots within

the center half of the length of a beam shall not exceed IJ/2 times the width

of the face on which they occur.

(h) Maximum Size.—The maximum size of knots shall be as follows:

Maximum Size of Knots, in.

Width oe Narrow Face Center Line
Face, IN. * and Corner Wide Face

6 254 2^
8 2% 3^
10 3^ 4
12 zy^ 5
14 3.)4 5/2
16 4 5^
18 4J4 tVA
20 4/2 6/2
22 4^ 6^
24 5 7
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Increase in size of knot on wide face is proportional to distance of

center line of knot from edge of wide face, to a maximum at the center

line of wide face.

33. Shakes.—The maximum width of shakes shall be as follows

:

Width oif Maximum Width of Shakes, in.

FAtE. IN. Green Seasoned

6 2y2 3

8 3H 4
10 4 5

12 S 6
14 sy2 7

16 6y2 8
18 7^ 9
20 8 10

22 8^ 11

24 9y2 12

34. Angle of Grain.—The angle of grain shall not exceed 1 in 10.

35. Wane.—The wane shall not exceed one-fourth of the width of

the narrow face.

Special Provisions

36. Heartwood.—When resistance to decay without preservative

treatment is a factor, 85 per cent heart on each of the four sides should

be specified. See A.S.T.M. Specifications D 23 - 20 T for Douglas fir

and A.S.T.Al. Specifications DlO-15 for southern pine.

37. Sapzvood.—When preservative treatment is to be applied, 30 per

cent sapwood in cross-section should be specified. See A.S.T.M. Specifi-

cations D 24 - 20.

38. Square Edge.—When appearance or bearing are factors, square-

edge timbers should be specified.

Posts and Square Timbers

Basic Provisions

39. Knots, Maximum Size.—The maximum size of knots shall be

as follows

:

Width of Maximum Size
Face, in. of Knots, in.

6 2^
8 3y4
10 4
12 5

14 5/2
16 5^
18 6y4
20 6y2
22 63/
24 7

40. Shakes.—The maximum width of shakes shall be as follows:
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Width of Maximum Width of Shakes, in.

Face, in. Green Seasoned
6 3 3/2
8. 4 4V4
10 5 6
12 6 714
14 7 SVi
16...- 8 9/2
18 9 10^
20 10 12

22 11 13J4
24 12 1414

41. Angle of Graiii.~The angle of grain shall not exceed 1 in 8.

42. Wane.—The wane shall not exceed one-fourth of the width of

the face.

Special Provisions

43. Heartvjood.—When resistance to decay without preservative

treatment is a factor, 75 per cent heart on each of the four sides should

be specified. See A.S.T.M. Specifications D23-20T for Douglas fir and

A.S.T.M. Specifications DIO-IS for southern pine.

44. Sapivood.—When preservative treatment is to be applied, 30 per

cent sapwood in cross-section should be specified. See A.S.T.M. Speci-

fications D24-20.
45. Sqtiare Edge.—When appearance is a factor, square-edge timbers

should be specified.



DISCUSSION ON YARDS AND TERMINALS
(For Report, see pp. 657-771)

Mr. J. R. W. Ambrose (Toronto Terminals Railway) :—I wish first,

sir, to record the Committee's regret and sorrow at the loss of one of its

members through death. I refer to Mr. Douglas. He was a very active

member on the Committee, and the successes attained by the Committee

in the past were due in no small measure to his efforts. We regret his

untimely end.

The Committee this year, sir, is reporting on seven of the eight

subjects assigned to it. The first subject, the Revision of the Manual, it

will be unnecessary for me to call on the Chairman, Mr. Tratman of that

Sub-Committee, as his Committee together with the Committee as a whole

found that the material of this Committee in the Manual is in such state

that any piece-meal alteration or change would not be satisfactory.

We, therefore, propose next year, Mr. President, to review the com-

plete subject matter of this Committee that has been presented in the past

and make a compkte revision of the material of this Committee in the

Manual.

The second subject. Scales, will, in the absence of the Chairman, Mr.

Hayes, be presented "by Mr. Hunley.

Mr. J. B. Hunley (Cleveland, Cincinnati, Chicago & St. Louis) :

—

The subject, Scales, is found on page 658 of the Bulletin. The first

subject assigned was Automatic Indicating Devices for Weighing. This

subject was assigned two years ago. The Committee reported last year

that they thought it was impracticable to prepare specifications covering

the design and construction of such indicating devices, and about the only

thing it could do would be to specify the performance of such a device

which could be covered.

(Mr. Hunley read the last paragraph on page 658 and the first para-

graph on page 659 on Bulletin 274.)

Mr. Hunley:—After study was made of all of these reports we felt

that tentatively the Association should adopt the table of tolerances as

proposed by the Conference on Weights and Measures, which are shown
on pages 659 and 660. I might call your attention to the first paragraph

on page 660 which reads as follows : "The tolerances to be allowed on

heavy-duty automatic indicating scales used exclusively in determining

weights for the sole purpose of fixing charges for the transportation of

freight shall be twice those specified above."

The second subject assigned to the Committee was Tolerances for

Railroad Service Weighing Devices. This simmers down to the question

of tolerances on track scales. The Committee is making a comparison of

the tolerance used by the Bureau of Standards and that used by the A. R.

A. to determine which one, if either, of these should be recommended or,

1388
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• perhaps, an entirely new tolerance. That is going to take an enormous
amount of study. We have been unable to make any report this year.

In the conclusions the Committee recommends the adoption of the

Tolerances for Heavy-Duty Automatic Indicating Scales for publica-

tion in the Manual. I so move you, sir.

President Ray:—You have heard the motion. Is there any discus-

sion? If there is no objection, it will be so ordered.

Chairman Ambrose:—Appendix C, page 662, gives the report on

Multiple Level Freight Houses, which is handled by Mr. Mottier, of the

Sub-Committee. Mr. Mottier will now make a resume of the subject

matter leading up to the conclusions.

Mr. C. H. Mottier (Illinois Central) :—Mr. Chairman and Gentle-

men : The subject that appears in the heavy type at the top of page 662

is the same one that has been assigned to this Committee for several

years. We made an effort in 1922 to dispose of this, matter and suc-

ceeded quite well as far as the last part of the assignment is concerned

i. e., handling freight by mechanical means and relative advantages and

disadvantages of the use of freight houses as warehouses.

This year we are making an earnest effort to get rid of the assign-

ment. If any of you care to look at Appendix F on page 771 which cov-

ers recommendations for future work, you will find this subject con-

spicuous by its absence.

The principal point to develop in this assignment as viewed by the

Committee is to determine when a multiple level house is justified. As a

general proposition, it is known that a one-level hoifte is more
economically operated than a two-level house, due to the fact that the

two-level house requires vertical transportation of the freight.

Two-level houses occupy less space than one-level houses, and there-

fore have economic advantages from the standpoint of investment or

fixed charges. The problem then resolves itself into determining when a

saving in fixed charges, particularly where land values are high in the

two-level house, equals or exceeds the saving in operation in the one-

level house.

The Committee realizes that this is not a fixed problem and that we
cannot set down a set of rules or graphs showing land values and say

that when a certain land value is reached a two-level house is justified.

The Committee has considered the principal types of inbound and out-

bound houses and has endeavored to bring out the main principles that

are involved. In doing this we have endeavored to use average values, so

the results obtained should be fairly indicative of conditions as they ac-

tually exist.

We have stated several times in the report that these values must be

used cautiously, and have called attention to several variables which show
why these figures cannot be definitely determined. I will not take the

time to review them.

The report covers over fifty pages and I will merely scan it and point

out some of the salient features. Beginning on page 663, we present a
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discussion of factors of design of freight houses. It is essential that the

various factors entering into the design of a freight house be so cor-

related that no one factor will limit the capacity of the house. The
various factors of design discussed are design, tonnage, average car load-

ing in tons, gross area of floor space per ton of freight and tonnage

handled per foot of team frontage or tailboard.

On page 666 principles of economic design are discussed.

In 1922 we prepared a questionnaire which was sent to fifty railroads

in this country. The questionnaire was very similar to the one used this

3-ear that appears as Exhibit "A." If you take the trouble to read the

questionnaire you will understand why the Committee received but one or

two replies from the fifty railroads. It was, therefore, impossible to make

a report on this subject that year.

This year a different plan was adopted. Each member of the Com-
mittee was asked, to make a study on his particular road. As a result re-

plies were received from thirteen railroads, covering twenty-three freight

houses given in table 1 on page 667.

Beginning on page 668 are presented the various elements that are

discussed in the further analysis of the problem. The first one is the cost

of tractor trucking. The results obtained from the questionnaires relative

to this subject appear in table 2, page 669, and in graph 1, on page 670.

We adopted a straight line type of curve for graph 1 because there is

one element that represents the cost of making the trailers into trains, the

delay due to picking up trailers, switching out trailers, etc., that should be

independent ^f the length of haul. The other element represents the cost

of actual movement of the freight, which should vary in direct proportion

to the average trucking distance. With these assumptions a straight line

graph results.

To check the slope of the line a careful analysis was made of one

freight house. The result of that analysis is shown in table 3, page 669,

and also by the dotted line on graph 1. The two lines are nearly parallel.

The cost of hand trucking is next discussed. It was more difficult to

fix a graph for the cost of hand trucking than for motor trucking for

several reasons. An effort was made to divide the" results between two-

wheel trucks and four-wheel trucks, inbound houses and outbound houses,

but when so divided the information was too meager to justify any con-

clusion and so table 4 and graph 2, page 671, are composite for all condi-

tions of hand trucking.

The supplemental slope line in graph 2 was determined by a truck load

of 200 pounds, a speed of three miles per hour and a wage of 48c per

hour. These tables have all been equated to a common wage. All the in-

formation presented is in such a manner that it can be reduced to man
hours. In every case the basic assumptions are enumerated.

On page 672 reference is made to the comparative economic trucking

distance for hand and tractor trucking. No effort was made to develop

this point. It is obvious that for short houses the two-wheel or four-
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wheel hand truck is the proper method of operation, but in the longer

houses the tractor and trailer operation becomes more economical. The

average trucking distance for the houses covered by the questionnaires

using hand trucking is 162.5 feet, and those using tractor trucking, 370.5

feet.

On page 672 is developed information in considerable detail on the

cost of stowing freight.

The cost of elevating freight is discussed on page 673. There is a

considerable difference of opinion on this subject. The Committee adopted

8c per ton as the cost of elevating freight.

On page 674 the capacity of elevators is discussed. An assumed

capacity of 150 tons per elevator per day was assumed.

The gross area of floor space per ton of capacity for inbound house is

discussed on page 676. One hundred and thirty square feet of gross floor

area per ton has been adopted.

On page 678 the prices for the various forms of freight houses are

shown in tabular form. The bases of the investment charges foj the

various types of houses are all reduced to a square foot price.

On page 679 is begun a discussion of the one-level outbound house. It

is verj- essential in an analysis like this to give consideration to the two

different types of houses. The operations are entirely different in inbound

and outbound houses. This point is discussed at considerable length in

the report.

Figure 1, page 679, is a section of a one-level outbound house without

platforms. Two general modifications of the various types of houses

have been considered, one without platforms where cars are spotted, and

the other where there are platforms between every two pairs of tracks

which eliminates the necessity of spotting cars. There is considerable

difference of opinion in the minds of engineers and operating men as to

which type is preferable. We have endeavored to develop the economics

of the two general types.

On page 681 are given the percentages that have been applied in fixing

the investment charges. Interest, taxes, maintenance and depreciation

have been considered.

On page 682 appears some mathematical gymnastics developing in-

formation on average trucking distances. In the report we have assumed

that in a freight house where the loads are distributed uniformly on one

side and cars placed uniformly on the other the average trucking distance

is l*:ree-tenths the length of the house. This is developed mathematically,

and has been verified by observations.

On page 684 appear the investment and operating costs for the type

of house shown in Fig. 1. You will observe that the table contains in-

formation covering the length of the house, the number of tracks, total

area occupied, the costs for land, for improvements, and for combined

land and improvements. This is based on a $6.00 per square foot value

of land. Studies were made covering only three values, which gives suffi-
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cient indication to show what can be expected. There is developed operat-

ing cost, the cost of spotting cars, the trucking and stowing charges and

the combined charges.

These operating charges do not represent all charges. Where a

charge, such as checking of freight, is independent of the general type of

house, the charge was ignored. The operating charges as shown in these

graphs arc, therefore, not the total operating charges of a house.

Graph 5 on page 685 shows variation in charges, both investment and

operating, for a seven-track setting.

In figure 2, page 685, is shown the other type of inbound house with

platforms between pairs of tracks.

On page 687 are shown table 11 and graph 6 for the second type of

house. The two types are compared just below the middle of page 686.

You will observe that with a zero land value the house with platforms is

more economical. With a $6.00 land value it is about an even break, but

when you get to $20.00 land values, the house without platforms requiring

the spotting of cars, shows a material saving.

On page 688 begins a discussion of the one-level inbound house, and

on that page are outlined various methods of operation.

On page 690 appears a further discussion of trucking distances for

inbound houses which is somewhat complicated.

On page 691 begins a discussion of inbound houses without plat-

forms between tracks. The comparisons of the investment and operating

cost for this type of house are shown on page 692.

The inbound house with platforms adjacent to tracks is then dis-

cussed and on page 693 is shown in detail the method of calculating truck-

ing distances. On page 695 in table 13 and graph 8 are shown the various

investment and operating costs for this iype of house, and a comparison

for the three land values is shown in the middle of page 694.

Two-level freight houses are then discussed. The two-level outbound

house is analyzed and on page 698 is presented some mathematics deaHng

with the economic spacing of elevators. On page 699 is shown a section of

a two-level outbound house. On page 700, table 14, graph 9, the charges

for this type of house are presented.

By referring to figure 6, it will be noted that in this type of house

the track level requires more space than the top level or driveway and

house floor.

On page 701, is begun a comparison of one-level and two-level out-

bound houses. Graph 10 is of some interest. It shows the comparative

total investment per ton capacity for one-level and two-level outbound

houses. It is quite evident that the one-level house costs less money than

a two-level house, but when reduced to a common basis of ton capacity,

there is not a great amount of difference. From the assumption used the

break comes at $17.12 per square foot land value.

On page 702, graphs 11 and 12, show the relative cost of one-level and

two-level houses with land values of six and twenty dollars. I wish to
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call your attention to a typographical error in the report. On page 702,

graph 12, should be for twenty dollars instead of six dollars land value.

The text is correct, but the caption is wrong.

I invite your attention to one of these graphs ; take the six-dollar one

for example, at the top of page 702. You will note that with six-dollar

land value the two-level house costs more when all the charges are con-

sidered than the one-level house. But with twenty-dollar values just

the reverse occurs. In other words, when land values reach twenty dollars

per square foot it is more economical to build a two-level house.

On page 702, the two-level inbound house is discussed and similar

information is presented. The two-level combined house is then dis-

cussed. By referring to figure 8, you will observe that in the case of the

inbound house, the width occupied on the driveway level of a two-level

house is greater than that required on the track level. By combining an

inbound and an outbound two-level house a more economic occupation

of space is possible.

The conclusions follow.

President Ray:—On account of the limited time we will not read

these conclusions. It is open for discussion.

Mr. L. J. F. Hughes (Rock Island) :—It is displaying considerable

temerity I know for me to attempt any criticism of this very valuable

and interesting report. Still I feel that perhaps it would be timely to call

attention to the mathematical discussion that is found on page 682, or as

it has been termed by the sub-chairman, mathematical gymnastics.

Now in this case they have assumed a freight house where freight

is being received with uniform intensity along the driveway and is being

delivered with uniform intensity to the cars, an ideal situation which as

stated can probably never be obtained in practice.

Then follows the mathematical gymnastics.

Now it may be altogether true that our truckers in pushing the trucks

to our freight houses do perform in accordance to the mathematical laws

laid down by equation 6 on the bottom of page 682, and it also is some-

what of a marvel to me that so vcommonplace a thing as trucking distance

in a railroad freight house can be computed bj' the use of integral

calculus. Nevertheless, I doubt whether this purely academic discussion

gives any real value to the problem of designing a freight house, because

as has been stated, the conditions assumed are purely ideal. Now it is

also evident without the use of these mathematics that in a freight house

where you are receiving freight uniformly along the driveway side and

distributing it uniformly to the cars, the conditions are that the freight will

move directly into the cars, with no lateral trucking. Of course this latter

solution is an absurdity.

There follows on page 683 a statement that Mr. E. H. Lee found from

observation of six freight houses an average trucking distance equal to

.556 L for the round trip, including the return of the empty truck, of

equivalent to an average trucking distance of .278 L for the truck moving

with load.
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In my humble judgment, such information obtained from actual ob-

servations is of vastly more importance than the mathematical gymnastics

as have been included.

Now I think that these mathematical discussions are well and have

their place, but I would suggest that for a report to be studied by the

ordinary Engineer it might be handled in some such manner as this: We
could say that assuming a freight house under ideal conditions of freight

delivered uniformly along the track side and similarly uniformly dis-

tributed to the cars, it can be mathematically demonstrated that the

average trucking distance will be one-third L, and then go ahead with

the statement that follows, about the actual results found in actual

practice.

Now I bring this matter up purely because I have noticed of late years

in our Proceedings a tendency to include rather technical matter, and for

the average Engineer and sub-average, as I myself may be, in going

through a report like this, in running acro'ss these mathematical dis-

cussions, particularly this last one, this equation 6, one is liable to say,

"This is certainly over my head," and leave off reading what otherwise is

a very valuable and interesting report.

Chairman Ambrose:—I move, sir seconded by Mr. Montzheimer, that

these conclusions be included in the Manual.

President Ray:—You have heard the motion. All those in favor let

it be known by the usual sign. Contrary. It is so ordered.

Chairman Ambrose:—The next subject in Appendix D, Freight Yard

Design, suggesting Economies in Operation, was handled by Mr. Arm-

strong and his Sub-Committee. Mr. Armstrong will now give us a brief

synopsis of his report and we will accept the conclusions as read.

Mr. J. E. Armstrong (Canadian Pacific) :—Mr. President and Gentle-

men : In looking over the Manual and the Proceedings of this Associa-

tion it was at first a matter of surprise to this Sub-Committee to discover

the lack of information so far submitted in connection with the assign-

ment "Freight yard design suggesting economies in operation." It

doesn't sound like a very heavy assignment. We wondered why some-

thing hadn't been done with it, some conclusions reached. Then we be-

gan to think about that assignment a little and we decided that, after all,

the work of the Yards and Terminals Committee might be divided possi-

bly into four portions, and if the wording of that assignment were

changed just a little bit it would cover the entire work of the Yards and

Terminals Committee.

Possibly if that assignment read, "Suggest economies in the design

and operation of passenger yards, freight yards, passenger terminals, and

freight terminals," it would have covered the entire work of the Yards

and Terminals Committee. In other Avords, the assignment covers essen-

tially one-quarter of the work of the Yards and Terminals Committee.

Frankly, one doesn't know where to take hold of the bone to begin

to gnaw it. One can take hold of a piece here or tear off a chunk there

and try to masticate it, but even then one finds some gristle.
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This year, in order to help the Sub-Committee out, the Committee

gave us also the assignment on "The arrangement of terminals to reduce

preparator}' leaving time and terminal arriving of trains, including the

matter of main track capacity approaching important terminals." After

all, that is a subdivision of the other assignment and we set our teeth

into that instead of the big assignment.

We cut down a little bit on that. We cut out the main track feature

of it and decided we would stay inside the j'ard. Then we tried to secure

some information. We discovered somewhat to our surprise that one can

get almost as many different answers to the question, "When is a train in

a yard?" as one can find people to answer that question. There is no

common practice as to when a train is said to have arrived at or to be in

or to have departed from a yard. There is no common practice as to the

time when an engine crew or train crew come on duty. The whole thing

is apparently a Topsy growth, in railway operation.

In working out this report we have had to make some terms for our-

selves and define them for use in this report in order to have words to

use that would have the same meaning throughout the report.

Instead of taking the assignments as the}^ were given to us we were

compelled to reduce them. The second paragraph on page 717 of Bulle-

tin 274 tells what we set out to do.

(Mr. Armstrong read the second paragraph on page 717 of Bulletin

274.)

Mr. J. E. Armstrong :—We have endeavored to take this portion of the

work and carry it to some logical conclusions. Commencing on page 725

we present twenty conclusions. Each one of these is to be read in con-

junction with the opening paragraph, as they do not all necessarily hold

true for very small yards.

There is one typographical error in these conclusions. In the third

to the last line of conclusions 20 the word "they" should be inserted, mak-
ing it read, "Can be shown to be less than the cost of the terminal time

and delay which they will eliminate," etc.

These conclusions are offered for adoption and inclusion in the

Manual.

Chairman Ambrose :— I move you, sir, that these conclusions be

placed in the Manual.

(The motion was carried.)

Chairman Ambrose:—The next subject, is Appendix E on page 728.

I am at a great handicap today in not having Mr. Ripley here, who was
Chairman of the Sub-Committee, but in his absence I will endeavor to

present the report.

In 1923 and 1924 at the conventions, our Committee presented reports

on the facilities required in head houses for through passengers. These

reports were handled by Mr. Mottier and his Sub-Committees. It is

obvious that the transfer passenger requires the maximum of facilities in

the head house. He might possibly make close connections, but usually

there is some period of layover.
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The next class is that which originates and terminates in the station,

but these two classes were dealt with before. We have now the third

class, the commuter. His only desire is a clear pathway so he can run to

his train, and he requires a minimum of facilities in the head house.

Mr. Ripley has taken these matters up in various paragraphs, Require-

ments for Suburban Service, Characteristics of the Through Traveler

and Characteristics of the Commuter. He has given you information re-

garding the use of turnstiles, concourse, the directional information re-

quired by the commuter, ticket windows, use of booths in the concourse

at the end of the months if the commuter tickets run concurrently with

the month. In connection with the discussion he has taken the informa-

tion that was presented by Mr. Mottier and his Committee, together with

some new facts which he has obtained, and he has made a series of graphs

which are given in the report from which you can, with a certain given

rush-hour business, pick off directly the facilities required for any com-

bination of commuter and through business.

The President rushed me along, so I will not go into any details re-

garding that.

Finally on page 742 he gives you conclusions—pages 742, 743 and 744.

I move you, sir, seconded by Mr. Wishart, that these conclusions be

placed in the Manual.

President Ray:—You have heard the motion. Is there any dis-

cussion? It is made clear that the diagrams do not go in the Manual; the

motion covers only the conclusions. Is there any discussion on these

conclusions?

(The motion was carried.)

Chairman Ambrose :—We have, sir, the usual future work recom-

mended, which is handled by Mr. Gersbach as chairman, together with

the whole Committee. It is not necessary to take that up except that the

Committee wishes to point out on subject two that we would like a direct

assignment in connection with that point of reporting on the joint opera-

tion of passenger terminals.

President Ray:—This completes the Committee's report. The Chair

wishes to call attention to the very valuable and large amount of informa-

tion which they have presented to the Association. (Applause.)
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Mr. J. V. Neubert (New York Central):—Appendix A, revision

of the Manual, is shown on page 555, and the first topic is the

temperature expansion of rail laying. On account of going to the

use of rails longer than 33 feet in length, the Committee were asked

to prepare a table of temperatures in regard to the use of these rails.

After a further consideration, the Committee would like to offer

this not for insertion in the Manual but as information, because we
feel we would like to make a little further study in regard to the

spread of the temperatures, and particularly in trying to confine ourselves

to a closer thickness of the shims.

President Ray:—If there is no objection, the report will be re-

ceived.

Vice-Chairman Neubert :—Revise specifications for switches, frogs,

crossings, and guard rails, adopted March, 1921, Proceedings, Vol. 22,

printed on pages 214-220, 1921 Alanual, which is in brief, permitting a

slight flush on the rivets in the bottom. I move you that we permit

this to be put in the Manual.

Vice-Chairman Neubert :—I might add it is customary with frog build-

ers to leave a slight crown of not over an eighth of an inch on count-

ersunk rivets on the bottom side of base or tie plates, which is done
for added strength. When coming on the ties the rivets seat them-
selves under traffic promptly after installation and this crowning is

not objectionable, but it is rather preferable to flush or slightly con-

cave rivets.

President Ray:—Any discussion? If not, it will stand approved.

Vice-Chairman Neubert:—Revise Plans No. 602 and 603 adopted

March, 1920, of No. 7 and No. 8 Railbound Manganese Steel Frogs as

follows:

(Vice-Chairman Neubert read the revision on page 556, Bulletin 273.)

Vice-Chairman Neubert :—That means to go ahead and revise the

spacing necessary with the frogs of heavier rails and larger sized bolts

and not interfere with the end of the wing rails where they are bev-

eled when present dimensions are used.

I so move you.

President Ray:—If there is no discussion, it will stand approved.

Vice-Chairman Neubert :—The further changes on page 556 are revis-

ing certain plans of bolted rigid frogs, clamp frogs, spring rail frogs,

and railbound Manganese steel frogs, and to change foot-guard note

under specifications reading.

I so move you.

President Ray:—If there is no discussion, the change recom-

mended will stand approved.
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(Vice-Chairman Neubert read Appendix B, Subject 2, Detail Plans of

Switches and Frogs, Crossings, and Double Slip Switches.)

Vice-Chairman Neubert :—I wish to say these plans for these re-

spective angles have not really been before you before, but the de-

tails for these plans are the same as the plans which have been

adopted by this Association before.

President Ray:—This is a matter which is new, and if there is no

discussion we will take a vote on it.

Mr. C. W. Baldridge (Atchison, Topeka & Santa Fe):—It seems

to me it would be a good plan to provide for plates to be used under

all crossings and all frogs to protect the ties. That, however, is a

detail which is not necessarily part of the plan, but I believe it would

be a good idea if the plan would show or provide for plates.

Vice-Chairman Neubert:—If you will just read over the full specifica-

tions, I believe you will find plates provided both in regard to the

solid plates as well as the modified plates.

Mr. Baldridge:—Depending upon the picture of the plan?

Vice-Chairman Neubert:—I believe that also shows it.

(The motion was carried.)

(Vice-Chairman Neubert read the second paragraph of page 557,

Bulletin 273.)

Vice-Chairman Neubert:—I move this plan for adoption.

(The motion was carried.)

(Vice-Chairman Neubert read Plan Number 771-B.)

Vice-Chairman Neubert:—We offer this plan as information.

President Ray:—If there is no objection, it will be so received.

(Vice-Chairman Neubert read "Methods of Designating Compro-

mise Joints and Compromise Rails.")

Vice-Chairman Neubert:—We have a great deal of correspondence in

regard to what is and what is not a compromise and also the right

hand and left hand. I believe that the plans speak for themselves.

This is more desired and needed by the manufacturers than the rail-

roads, because we have found the information from the railroads to

the manufacturers was not sufficient to tell them what they wanted.

I move you that Plan 700-B and Plan 700-C be recommended for

adoption.

President Ray:—You have heard the motion. This is Exhibit B-8.

Is there any discussion? If not, all those in favor of including this

Exhibit plan No. 700-B and 700-C in the Manual, as recommended

practice, let it be known by the usual sign. Contrary. It is so ordered.

Vice-Chairman Neubert:—We have been asked to make up plans and

tentative specifications in regard to the split switch point derails. We
thought that we would have this year this subject to present to you

for adoption, but on account of the very wide expression of use of

the railroads over this country and Canada, we have felt we would

present this which is shown on plan 213 as information for this year.
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President Ray:—It is open for discussion if you have anything to

suggest to the Committee. If not, it ^vill be received as information

and the Chairman may proceed.

Vice-Chairman Neubert :—We have heretofore made out plans and

also given an expression of the definition of terms that we could all

talk the common expressions of use of various materials, particularly

in the subject of track conditions, and we are presenting plan 890,

diagram of double slip switches showing the names of the parts of

the switches referred to. This is nothing more than in line with the

previous plans which we have submitted to you and which have been

adopted. The slip switches you have adopted heretofore. We have

received a number of inquiries and requests that we should get out a

plan to cover this subject. I so move you for its adoption.

President Ray:—You have heard the motion. This is Exhibit

B-8, the last one of the series of exhibits of the Committee. It is

open for discussion. If there are any suggestions to make to the

Committee, now is the time to make them.

All those in favor of the motion, let it be known by the usual

sign. Contrary. It is accepted.

Vice-Chairman Neubert:—Plan No. 309 presented as information

March, 1921, shows (that is for the No. 4 and No. 5 frog) 5-inch

dimensions between the two bolts through the heel riser block. This

dimension should be omitted as it should appreciably vary with rails

of different width head.

This plan has been revised as information only. The corrections

need not be made in the Manual but reference should be made to the

corrections as a supplement to the plan. I, therefore, offer you this

change.

President Ray:—Is there any discussion?

Vice-Chairman Neubert:—This does not go in the Manual, as this

plan referred to is only submitted as information.

President Ray:—If there is no objection, it will be so received.

Vice-Chairman Neubert:—The next subject, specifications and designs

of wooden handles for track tools. We have a progress report on

that which was not printed this year.

4. The effect of brine drippings on track appliances and tests of

tie plates subject to brine drippings. We have a progress report of

which no report was published this year.

5. The canting of rail inward (which is .Appendix C shown on page

560 of Bulletin 273) and the taper of the tread of wheels, conferring

with Committee on Rail and with Committee E, Division V,

Mechanical, A. R. A. This is a subject of Chairman Harding, who,

unfortunately, could not be here, and I will present the report.

This is a subject that has been before this Committee as well as

other committees of this Association for a number of years. The
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taper of wheel and the canting of rail is, I think, liver than when
started. We have had another review of the report which is con-

tained here. A questionnaire has been sent out and this is really the

first year that we have received some of the information from some

of the roads. In regard to the live subject which is confronting the

Association as a whole, particularly regards the canting of the rail

and the taper tie plates as expressed, we wish to modify our recom-

mendation which is shown on the bottom of page 566, and submit this

as a progress report.

President Ray:—Is there any discussion on this part of the re-

port? If not, the report will be received as information, as now rec-

ommended by the Committee.

. Vice-Chairman Neubert :—Subject 6, methods of determining recom-

mendations for rail renewals. This is another progress report on

which we have no report to offer this year.

The next is subject 7, covered by Appendix D, on page 567 and

I will read you, without going into detail, the conclusions.

President Ray:—Is there any discussion on this part of the re-

port?

Vice-Chairman Neubert:—There are several railroads that have

written to Mr. Clark, objecting to some of the conditions contained in

this report, and I think we ought to have some discussion.

Mr. G. F. Hand (New York, New Haven & Hartford) :—In con-

sidering the re-rolling of rail, I would like to ask whether the Com-
mittee has taken into consideration the stsundness of the rail after

re-rolling.

President Ray:—The Chair will say that some rail re-rolled by

the Lackawanna some years ago, and which has been in service a good

many years and is still in service, has shown some failures but no-

where near the number of failures which we have had in the new
rail which we have bought in the meantime.

Mr. J. S. See (Production Engineer, Industrial Works, Bay City,

Michigan) :—I would like to submit the following information.

Being associated with a concern that made its first portable

Rail Sawing Machine in 1887, and having some 18 portable machines
and 2 stationary plants in operation, I have been greatly interested in

the report of this Committee.

We have naturally made considerable study of the problems

and have accumulated some experience. I would like to add a few
facts gathered from our experience to what has already been pre-

sented.

First as to the efifect of using a friction saw on the ends of the

rails. Many Engineers have thought that the action of the friction

saw on the end of an old rail hardened it and caused chipping and
splitting after they were put in service. This theory has been ex-

ploded years ago. A properly operated friction saw will produce a
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rail end as uniform in hardness as at any other section of the rail.

This has been tested by service and by file, hammer and scleroscope.

There is one very essential requirement to a proper and satisfactory

sawing operation—that is, plenty of water under high pressure playing

on the saw and the cut in the rail.

We have been sawing rails in our own plant for several Michigan

railroads for the past 5 years without complaint from this source.

As to the cost of re-sawing. It is a fact in reconditioning

rails as in any other business the cost is dependent upon the quantity

produced annually and the continuity of the operation. Also labor

rates, cost of maintenance and overhead charges have a decided bear-

ing.

One of our portable rail saws which re-saws, re-drills and handles

rails, located on an Illinois railroad, last year had handled 33,814 tons

at an average cost of $1.31 per ton exclusive of transportation.

On considerably less tonnage the cost runs as high as $4.00 per ton.

It is our observation that for an annual tonnage of 15,000, the

work can be done for between $3.50 and $4.00 per ton including labor,

supervision, cost of maintenance and the usual overhead charges for

the equipment.

The portable rail saw set up at the junction of divisions will

save^ from $1.50 to $2.75 per ton on transportation.

Comparing costs of re-sawing and re-rolling, if you had 10

miles of 100-lb. track and wanted 10 miles returned after recondition-

ing: First, assuming there is no loss in mileage from re-rolling. Sec-

ond, there is a loss of 4 to 9 per cent from resawing the ends. If you

paid $11.81 per ton for re-rolling, and as high as $4.00 for re-sawing,

and bought .9 of a mile of new rails at the market price, you would save

on the transaction by resawing, a total of $9,104, or $910 per mile or

$5.17 per net ton. The scrap ends from the resawing process belong

to the railroad and are worth about $2,800. You would wind up with

9.1 miles of reconditioned 100-lb. rail and .9 mile of new 100-lb. rail

instead of 10 miles of re-rolled 90-lb. rail.

Vice-Chairman Neubert :—I can't carry it all, but those figures, I be-

lieve, we represented in our progress report a year or two ago. You
can just balance your scale whichever way you want to figure.

Mr. A. F. Dorley (Missouri Pacific):—Before conclusion No. 1

is finally accepted I feci that the Committee should give further con-

sideration to the effect of the re-rolHng process on the quality and

character of steel in the rc-rolled rail. On the Missouri Pacific we
re-rolled about 100 miles of rail twelve years ago and the experience

was extremely unfortunate. One stretch of fifty miles of re-rolled

rail was placed in an important main line and was removed shortly

thereafter. The percentage of breakages was extremely high and

alarming. The breakages reached the point where the rail had to

be removed and relaid on an unimportant line.
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Referring to conclusion No. 3, I would like to ask the Committee
whether this conclusion refers to the reconditioning of rail undei

traffic or to reconditioning of rail after removal and before relaying

in track.

Vice-Chairman Neubert:—I will take up question No. 1. I think it is

entirely a question of the condition of the service of the rail which
you propose to re-roll. I don't know about the rail which was
re-rollpd twelve years ago, but it may be due on account of the rule

of supply and demand, and you took such rail as you had available

for re-rolling. It may have been rail of the Bessemer quality and
not of the open-hearth. I think that the action of the open-hearth

rail is much preferable to Bessemer. That is proven by the use of the

two.

In regard to your second question, that was done under traffic.

Mr. A. F. Dorley:—The use of the words "Reconditioning rail for

renewal in the track" is unfortunate. Do these words not imply the

taking of rail out of track and its repair before relaying?

The experience on the Missouri Pacific with the reconditioning of

rail under traffic has been very good. The practice has been found to

be very economical. The ends of rails battered and bruised can be

built up under traffic by this process and the riding qualities of the

rail can be wonderfully improved.

Mr. W. M. Camp (Railway Review):—We ought to be clear on

that before we vote. I did not hear it very well. Do I understand from

the Committee that they mean in conclusion 3 that this method is to be

applied under traffic?

Vice-Chairman Neubert :—Under traffic.

Mr. W. M. Camp :—Conclusion 3 states that all things considered, the

reconditioning by the oxy-acetylene method is more economical than either

of the other two methods, that is, re-rolling or re-sawing of the ends. Is

it to be inferred from this conclusion that it might be substituted for the

other two in all cases? Is that the meaning which the Committee
wishes to put upon it?

Vice-Chairman Neubert :—The intention is it gives the opinion of the

three methods. The subject is very broad.

Mr. W. M. Camp:—Mr. Chairman, in some cases might not the oxy-

acetylene process be insufficient; might not re-rolling actually be re-

quired; that is, the wear of the rail along intermediate portions might
be such that re-rolling and reconditioning of the rail would be necessary?

Vice-Chairman Neubert :—You can get into quite a large argument on

that. You may have rails that outside of the ends are not fit for use

and the inner part is good. In that case you would saw oflf the ends

because your steel is pounded to the extent where it would not possibly

be fit for use in building it up under the oxy-acetylene process. There
are limits there, I believe.

Mr. W. M. Camp :—In the case of a heavy section that is badly worn it

would be logical to re-roll it, would it not? That is, the case of re-
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conditioning the joint alone would not apply to the rail. If it is a

rail of heavy section it would be re-rolled into a rail of lighter section

and be made practically a new rail.

Vice-Chairman Neubert:—You are getting back into the argument:

why not buy new rail? You can get many arguments on that. There

is a limit, as I understand, in regard to the used rail that can be re-

rolled economically for main track use. Various railroads have their

various opinions. The use of rail such as open-hearth possibly has

advantages over the Bessemer because it has greater hardness and

toughness.

I do not know whether I have answered your question. It is a

question of whether you are going to pick out your rail that is going

to be economical for re-rolling.

Mr. W. !M. Camp:— I am not calling in question the truth of this

conclusion, except in cases where re-conditioning of the joints alone

might not put the rail in the shape you want it.

Mr. A. F. Dorley:—In the use of the oxy-acetylene method, the ends of

rails are built up under traffic when rail is otherwise in good condition.

When the battering of the rail has advanced to the point where there is a

perceptible dip at the end of the rail, making impossible a proper fit of angle

bars in the "fishing" of rail, re-sawing is necessary. When the battering has

reached this point, and the ends of rails are distorted, it is too late to

apply the oxy-acetylene method.

Mr. W. M. Camp :—That is right in line, Mr. Chairman, with the point

I was making.

Mr. W. H. Petersen (Rock Island):—There are three methods of

repairing curve worn or battered end rails and each of these methods

has its particular advantage.

First : We can re-roll our curve worn 100-lb. rail into approxi-

mately a 90-lb. section and thus obtain rail that is good for main line

which otherwise would be placed in side tracks or scrapped. We
have 160 miles of re-rolled rail in our track that has been there for

fifteen years, and it was rolled from 80-lb. rail down to about a

70-lb. section and it has given us very good satisfaction.

Second: We have found, as the Missouri Pacific have stated,

that when the ends of the rail become badly battered and you want

to make use of that rail still further in main lines, that you can saw

off the ends to good advantage. In doing this you get away from the

wear of the joint and the wear underneath the head of the rail.

Third: We can weld the battered ends of rail before the batter

has become excessive and obtain smooth riding track.

We had one case of welding where the batter at the end of the

rail was about one-eighth of an inch and the cost of doing the work

exceeded $5.00 per joint. This was on the Mississippi River Bridge.

We saved money by doing it in this case, because if wc had gone to
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the work of sawing the rail it would have been necessary to go to

considerable expense in connection with repairs to the bridge.

If the welding of the ends of the rail is done before the batter be-

comes heavy it will be found the most economical method of im-

proving the rail conditions.

President Ray:—Are you ready for the motion? All those in

favor of adopting the conclusions at the bottom of page 568 and at

the top of page 569 of Bulletin 273 let it be known by the usual sign.

Contrary. It is so ordered.

Vice-Chairman Neubert:—Subject 8, plan of tie plates; progress, no

report this year.

Subject 9, collaborate with Rail Committee on cause and prevention of

rail battering, with discussion as to the principles of rail joint designs.

This report is progress. No report printed.

Subject 10, which is covered by Appendix E, on page 571, track

construction in paved streets and highways, will be presented by Mr.

Macomb, in the absence of Mr. Baker,

Mr. J. deN. Macomb (Atchison, Topeka & Santa Fe) :—This sub-

ject is being considered under the following subject heads

:

(Mr. Macomb read from the Bulletin, pages 571 to 574, inclusive.)

Vice-Chairman Neubert :—Mr. President, I move you that the con-

clusions on page 573 as read by Mr. Macomb, paragraphs 1 to 12 in-

clusive, be adopted to be included in the Manual.

Mr. C. C. Cook (Baltimore & Ohio) :—Those conclusions 2, 3, 4 and 5

refer to plans. I may be mistaken, but I rather understood the speaker to

say that those plans had not been placed before the Association.

Mr. J. deN. Macomb:—I understand through a misunder-

standing those drawings were not sent out, but those who are familiar

with this class of material are entirely familiar with the rail sections

that have been used from two of the steel companies for many years.

I understand there was some misunderstanding about printing those,

but I think they are quite familiar to those interested.

Vice-Chairman Neubert:—Possibly to clarify your remarks, I might

state there are two mills in the United States that roll girder rails,

that is, the Bethlehem Steel Company and the Lorain Steel Company.
In order to clarify a lot of expressions here, we are trying to get them

together and have them correct. Those sections referred to in here

are the girder sections and the guard rail sections, or what is called

the standard girder sections, and are rolled only by those two mills.

Mr. C. C. Cook:—I have had some experience with girder rails some

years back, but I am just wondering whether it is a good practice to

adopt something for printing in the Manual that has never been be-

fore the Association.

Mr. A. P. Crosley (Reading):—Mr. Chairman, with reference to

conclusion No. 8. Our rail from the Bethlehem Steel Company does

not come with a drilling of 2^ inches from the end of the rail. Two
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and three-quarters inches from the end of the rail docs not allow any

space between the rails when laid, as the drilling of the joint bars, as

given in conclusion 9, shows a spacing of 5^ inches for the middle drilling.

Vice-Chairman Neubert:—Of course, in paved streets you do not allow

for expansion and contraction. What do you use, a 156-lb. ?

Mr. Crosley:—408 and 409; these are Bethlehem sections.

Vice-Chairman Neubert:—There has been a great deal of discussion

and also thought in regard to this construction in paved streets. It

is a subject that was assigned the Track Committee. We have had it

under discussion a couple of years, and, unfortunately, we could not

get to a final report this year. You do not want to forget in these

municipalities they are going to more of a permanent construction

in the streets. Therefore, it is going to give longer life and it is the

construction of your track which is a little less than your street con-

struction to which you should give consideration. It should give at

least the life of that street. In order to save time, and, I believe,

with no objection of the other members of the Committee, I will

withdraw my motion (I believe it will be accepted by Mr. Strong,

the second), and move that we offer this as a progress report.

President Ray:—If there is no objection, then, the conclusions on

page 573 as well as the data on the following page is to be re-

ceived as information.

Vice-Chairman Neubert:—Subject 10, the value of nutlocks for rail

joints, with special reference to heat treated bolts of larger dimensions;

progress, no report this year.

This is the conclusion of the report of the Track Committee.

The members of the Track Committee as a whole regret exceedingly

that we have so many subjects here that we are reporting only prog-

ress on. We do not want to let you gentlemen feel that we have not

got cooperation and we are not working in harmony with the Com-
mittee. The Track Committee has been loaded up with a lot of

subjects every year and we are tryin.g to take a little breath on these

subjects. What we want to do is give them further consideration so

when they are presented to you we are satisfied you gentlemen will

receive them with some favor. I just say that as an apology because

I do not want you to feel that the Track Committee as a whole are

laying down.

President Ray:—This completes the report of the Committee and

from the amount of information they have furnished us in this report

I do not think they have any apology to make. They are dismissed

with the thanks of the Association. (.Applause.)
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(For Report, see pp. 575-611)

Mr. T. E. Rust (Waterloo, Cedar Falls & Northern) :—The Committee

is reporting this year on six subjects. Action is recommended on only

two. The two subjects on which we are asking for action are revision of

the Manual and Specifications for Bituminous Crossings.

No special sub-committee was appointed this year to consider the re-

vision of the Manual and only one change in the Manual is recommended

at this time. You will find this on page 576, Appendix A.

When the specifications for highway crossings were adopted by this

Association some three years ago, the words "where the topography is

favorable" were added at the beginning of Section 2. The Committee was

asleep at the switch and permitted this amendment to be made without

protest. For the last two years we have been trying to get these words

taken out of the specification, but the matter has never come to a vote.

We hope that this year the question will be disposed of one way or

the other. We feel that these few words robbed the specification of all

force. We think that some such a landing place for vehicles as is de-

scribed in the specification is important. Travel on the highways has

grown to such a volume and grade crossing accidents have become so

frequent that the railroads must do what they can to make these grade

crossings as safe as possible. Failure to do this is bound to give impetus

to the agitation for grade separation. There will be numerous instances,

no doubt, in mountainous country where literal compliance with this

specification would not be expected. Any such specification addresses It-

self to the ordinary case. In the nature of things there must be excep-

tions. It rather seems to us that as the specification now reads you
might almost as well say, "where it is no more expensive to follow the

specification than not to fellow it, it might be well to use it." That is

about as much force as the specification has when these words "where

the topograph}' Is favorable" are Included.

The principal objection I think to the specification as originally drawn
by the Committee was that in case an accident occurred and the highway

crossing did not conform to the specification, the railroad on which the

crossing was located might be subjected to penalties in a lawsuit, but the

same objection might be raised to any specification that addresses itself

to safety; if it Is not followed, of course, that fact could be brought out

in a suit.

I move that the change in the Manual as shown in Appendix A be

approved and the revised ve'rsion substituted for the present recommenda-

tion In the Manual.

President Ray:—You have heard the motion. It is open for dis-

cussion. If there is no discussion, all in favor of the motion as presented

let it be known by the usual sign.

(The motion was carried.)

1406
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Chairman Rust:—The second sul)jcct reported on by this Committee is

specifications for bituminous crossings and substitutes for wooden cross-

ing plank. I don't see Mr. Arthur Anderson, chairman of the Sub-Com-

mittee. Is he present? If not, I will proceed with the report myself.

I do not think that it is necessary to refer to the data regarding sub-

stitutes for wooden crossing planks, although, of course, we will be glad

to have any discussion. I will present to you the proposed specifications

for bituminous crossings and will read the headings of the various para-

graphs and pause long enough for any criticism or amendment, if any is

offered.

These specifications appear beginning on page 578.

(Chairman Rust read the headings beginning on page 578 and ending

with "Repairs" on page 581.)

President Ray:—Is there any discussion on this proposed specifica-

tion for the Construction of Bituminous Crossings?

Chairman Rust:—I move that the definitions of bituminous materials

appearing on pages 624 and 625, Volume 25, of the Proceedings, and the

specifications for Bituminous Crossings in Appendix B be approved for

publication in the Manual.

Mr. A. F. Dorley (Missouri Pacific) :—I w-ill ask the Committee

whether it has found that bituminous type of crossing has been generally

successful and satisfactory under heavy mixed traffic of trucks and auto-

mobiles. Our experience with this type of crossing has not been very

happy where there was a heavy mixed traffic of automobiles and trucks.

This type of crossing has been found to be more successful where the

larger percentage of traffic consists of automobiles only.

Mr. F. D. Batchcllor (Baltimore & Ohio Railroad) :—Gen-
erally, I think that while the bituminous crossing may not be perfect, most

of the roads seem to have found that they have been satisfactory. In fact,

we had reports from some roads that had used the concrete and arc now

going to bituminous crossings. It is a fact they do wear under heavy

traffic. We feel in cases like that, that more repairs are necessary to

keep them in proper condition. Some roads feel they can maintain the

crossings better with a flangcway. On the heavier crossings it seems that

the flangcways protect the crossing better than without.

President Ray:—Is there any further discussion? If not, all those

in favor of the motion let it be known by the usual sign. Contrary. It

is so ordered.

Chairman Rust:—The next subject on which we are reporting is

Method of Apportioning the Cost of Street and Highway Improvements

Adjacent and Parallel to Railroad Rights-of-Way. Mr. Chamberlain, the

chairman of the Sub-Committee, will give the report.

Mr. R. E. Chamberlain (Baltimore & Ohio) :—I will just abstract the

report, as given an page 583, Bulletin 273.

President Raj':—Is there any discussion on the subject? This part

of the report is being submitted as information. If there is no discus-

sion, it will be so accepted and the Chairman may proceed.
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Chairman Rust:—The next subject is Elimination of Highway Grade

Crossings. In order to speed up this work Committee IX this year formed

two sub-committees to consider the subject. Last year an outline of study

was prepared and certain parts of that outline were assigned to each of

these sub-committees. The first of the two sub-committees was given

major divisions 4, 5 and 6, Necessity for the Improvement, Benefits De-

rived, and Objections. The other sub-committee, whose report is given

as Appendix E, was assigned the major division 7 and 8, General Plans,

and Design. I will ask Mr. Griggs, chairman of the first Sub-Committee

named, to give the report.

Mr. A. B. Griggs (Atchison, Topeka & Santa Fe) :—As stated by the

Chairman, the subjects to be reported upon are shown in the outline in

Volume 25, page 630 of the 1924 Proceedings. Those reported upon last

year were major items 1, 2 and 3.

The items reported on by Sub-Committee "A" at this time are those

appearing in the outline as 4, 5 and 6.

I will not read the full text of the report but only by topics and sub-

topics.

(Mr. Griggs read the topics and sub-topics of Appendix D, with the

following remarks) :

Under Objections by the Railroad Due to Increase in Grades, there is

one correction to be made in the second paragraph appearing at the top

of page 594, in the second sentence, which reads, "Overhead clearances for

highways range from fourteen feet to eighteen feet, depending on the

character of the highway and whether electric cars have to be provided

for." We wish to change the fourteen to twelve. That is the correction

we wish to insert in the Bulletin.

Under Objections by the Railroad on Account of Industry Track

Connections, the second sentence of the second paragraph reads, "Plants

that are receivers of such commodities as coal, stone, sand, ore, etc., can,

by having the tracks elevated, unload direct into bins by dumping." We
have changed that to read, "Plants that are receivers of such commodities

as coal, stone, sand, ore, etc., can unload from elevated tracks by gravity,

dumping directly into the bins or lower level."

President Ray:—Is there any discussion on this part of the Com-
mittee's report?

Mr. R. H. Ford (Rock Island) :—I would like to discuss the Sub-

Committee reports D and E after they have been presented by the

Committee.

President Ray :•—The Chairman can go on with Appendix E and

that will opei^up both subjects, Mr. Ford. Is there any further discus-

sion on Appendix D? If not, the Chairman may proceed.

Chairman Rust :—The second Sub-Committee handling this subject is

reporting on general plans and designs. I think Mr. Lewis is not with

us, and there is nothing, I think, the Committee cares to add to what ap-

pears in the Bulletin. There are some minor changes in the phraseology

that I will not take up your time with, but which we expect to make.
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Mr. Ford :—The report states that : "The interruption and flow of

vehicular traffic by passing trains congests this traffic and increases the

dangers of accidents, particularly on rail lines of two or more tracks."

The inference from this is that the user of the highway and not the

railway has priority at a railway crossing, which is not the case. The

law recognizes that the railway has precedence over highway users at grade

crossings. The Committee also laid considerable stress on the fact that

separation of grade crossings will be an advantage to the railway in the

elimination of delays and recited some of the benefits to be obtained thereby,

but they overlooked the far greater advantages which are obtained by the

public (usually represented by the state or municipality). Since the advent

of the automobile, the latter have been found to far outweigh all the bene-

fits which the railways obtained, except for a relatively few isolated cases,

the amount being actually about one per cent on the investment. The re-

port is in error in stating that : "Where the railroad is elevated and a

station stop is located on the elevation, there will be no serious objection

to an increase in the approached grades."

Probably they had in mind some cases where this is true, but it is not

the reality by any means.

I am sure the Committee does not want to leave the impression that

railway officers, in responsible charge of such matters, are unwilling to

cause proper surveys or investigations to be made for the purpose of

determining expenditures irrespective of whether they deal with their

participation in highway grade crossing problems or otherwise but this is

what the report seems to imply. Neither do I believe that they wish to

leave the impression that it is the duty of the railroads to make more or less

intensive investigations for re-location of public highways which, of

course, is not only impractical but entirely without their province, being the

matter vested by law with the public agencies of the state. There is ap-

parently also some misapprehension concerning the causes for the increase

in grade crossing accidents, the inference being that this is due to the

railways. It follows, of course, that if pedestrian and vehicular traffic did

not cross the railways at grade crossings, that these accidents would be

eliminated or reduced, but the Committee is in error in leaving the im-

pression that this is the cause of the railroads. A careful analysis of the

situation has fully demonstrated that this degrading business of highway

crossing accidents is due entirely to the carelessness on the part of the

highway users. For the six years, 1917 to 1923, highway crossing accidents

increased 27J.2 per cent, but during the same period, automobile accidents

on other than crossings increased 75 per cent, indicating that the trouble

is not with the highway crossings but rather away from the crossings.

The automobile fatalities in 1923 increased over 1922 about 52.4 per cent,

but during the same period there was a decrease in railway grade crossing

accidents. The problem is purely economic and educational. In the natural

order of things, there will continue to be a separation of grades between

the railways and the highways, but it cannot and should not be carried

out in a wholesale manner.

A
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The reports of the State Highway Commissions show that the actual

cost for the elimination of 80 grade crossings in eleven states was $7,830,000.

Included in these were several track elevation projects. If these be ex-

cluded, the cost would be $3,630,000 for 69 crossing eliminations, or about

$75,000 per crossing. In 1923, there were 255,362 grade crossings in the

United States, according to the report of the Interstate Commerce Com-
mission. On this basis, wholesale grade crossing eliminations would cost

$18,626,700,000, or nearly as much as the entire investment of the railway

enterprise. The Committee, of course, has no idea of liberal grade crossing

elimination, but when it is considered that highway grade crossings over

railroads are actually increasing at the rate of approximately 7,000 per

year, it would appear that we are going at this matter in the wrong way.

As I see it, the essence of the problem is how can this best be met in the

interests of safety and convenience for the railroads, and the users of the

highways. It is not an easy problem and presents many difficuHies and

varying viewpoints. Many of the highways on which separations would

appear justified today, may not be so in a few years when, by reason of

improved and re-located highways, travel will practically forsake many
of the public thoroughfares which now appear to be so essential. Possi-

bilities of flashing-light signals, or other means of protection, costs but a

fraction of the expense for crossing elimination, and is eminently justified

both in the interests of the highway users, the railways and the public at

large, who must, in the end, pay the bill for these extensiye changes.

There are few standing committees who have such an opportunity to do

real, constructive pioneer work in the education of the public through the

agency of this Association as this Committee. (Applause.)

Chairman Rust :—Mr. Chairman, while I agree, of course, as we all

do, with a great deal that Mr. Ford has said, still your Committee have

to report on the subjects that are assigned to them and not on something

else. We were not asked to report on methods of protecting grade

crossings ; we were not asked to report on methods of preventing grade

separation; we were given the subject of grade separation, and we under-

stood that assignment to mean that we were to try to do what we could

to assist the Engineer on the railroad who was up against some specific

grade separation problem, to study the methods of investigating that

problem, and the methods of design, and the objections that would come

to the railroad and to the public and the benefits that would come to the

railroad and the public from grade separation.

With that thought in mind, we have made our report. If something

else was intended by the Board of Direction, we did not so understand it.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—I am
very much in sympathy with much of what Mr. Ford has said in criticism

of this report. I feel, however, that the Committee has done exactly

what they were instructed to do and have done the best they could under

the circumstances.

I know of instances where cooperation between railroads has elimi-

nated an expense of eight or ten thousand dollars on as many as five or
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six crossings each, and I know of several cases where large savings

*iave been effected by substituting wig wag signals for crossing watchmen.

There is this fact bearing on the economics of the situation and that is

the tendency on the part of the public to magnify accidents at grade

crossings and minimize the greater number occurring elsewhere. Out of

the total fatalities arising out of highway traffic in the United States I

think a study of the statistics shows that only about ten per cent occur

at grade crossings. Statistics also show that there are five new grade

crossings opened to every one that is separated.

Now, my idea is that this report ought to be received as information

and the subject be referred back to the Board of Direction for more
specific instruction as to what they want done.

Mr. J. R. W. Ambrose (Toronto Terminals Railway) :—This sub-

ject was handled some years ago by the Roadway Committee and I wish

to point out that there are several conclusions in the Manual that are at

variance with the general thought running through the report that is now
before the house, and I wish that the Committee in the future would give

consideration to the conclusions that are now in the Manual.

President Ray:—Is there any further discussion?

Chairman Rust:—Mr. Chairman, I move that these two reports as

shown in Appendices D and E be received as information.

President Ray:—Is there any further discussion? If not, all those

in favor let it "be known by the usual sign. Contrary. It is so ordered.

Chairman Rust :—The next subject is shown as Appendix F, page 606,

Plans for End, Corner and Gate Posts of Concrete, and Method of

Bracing the same. Mr. Curtiss, chairman of the Sub-Committee, will give

the report.

Mr. L. B. Curtiss (\orthern Pacific) :—The subject of plans for end,

corner, and gate posts of concrete has been assigned to this Committee for a

number of years. After accumulating a large amount of data regarding

this subject, the Committee is still unable to recommend any definite design

to present for adoption.

However, on pages 610 and 611 of Bulletin 273 we have shown six

designs which the Committee thinks arc probably the six best of the

various designs in use.

Because of the very limited use of concrete for end, corner, and gate

posts and because there is practically no information as to the results

obtained, the Committee asks that these designs be received as information

and the subject be discontinued until such time as further report on the

subject is desired.

President Ray:—Any discussion? If not, the report will be received

as information.

Chairman Rust:—The sixth and final subject nu which the Conimitttee

is reporting is shown in .Appendix G on page 607. Mr. Johnson, the chair-

man of the Sub-Committee, is not present. The report, I think, speaks for

itself and I do not think it is neces.sary to add any comments except that on
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page 607 about one-third down the page you will notice certain things which

are stated as being important factors affecting the life of the coating.

The fourth one of these reads : "it must not be broken during fabri-

cation." We just desire to change that to read, "it must resist fracture

during fabrication."

I move that this report, as shown in Appendix G, be received as

information.

President Ray:—You have heard the motion. Is there any discussion?

If not, the report will be received as information.

In dismissing this Committee, the Chair would like to make just

one statement in regard to the discussion that has just taken place. So
far as I am personally concerned, I should hate to have the impression go

out from this Association that it is unwise to take the public into our

confidence in regard to any of our work. I think Judge Davis very ably

brought that out last night in his address at our dinner. We have lots of

difficulties, and have had in the past, but it has been my experience that

the best and safest way, in the long run, is to take the public into your

confidence in every problem that you are up against. Work it for all

you are worth and fight for what you want, but if you do not take the

public into your confidence, you are going to get tripped up. You will

almost invariably get up against questions that you cannot overcome unless

you put all the facts upon the table.

I think, in this matter of grade crossing elimination, it is of vital

importance that we work a proper propaganda in the right way. I fully

agree with most of what Mr. Ford says, in regard to this big hubbub
about grade crossing elimination. The propaganda on grade crossing

elimination is wrong in that it is over-done. On the other hand, there

are lots of cases where we can eliminate dangerous conditions without

unnecessary expenditures, by getting the public authorities to go along

with us on reasonable and sensible methods of eliminating crossings and

eliminating dangers at minor expenditures. I think if the Committee
will bear that in mind, they can do a lot. I should hate to see this

Committee get instructions from the Board which would prevent them

from carrying on this work in a constructive way. (Applause.)

The Committee is dismissed with the thanks of the Association.

(Applause.)
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Mr. G. L. Moore (Lehigh Valley) :—The Rail Committee presents

first the revisetl specifications for open-hearth carbon steel rails as shown

in Appendix A. The 1920 rail specifications are and have been a dead

letter. To obtain rail under the 1915 specifications in their entirety, it

has been necessary to pay a substantial extra price for the rail. Many
railroads have accepted rails which would have been rejected under the

1915 specifications as A specials or X rails. The standard length of the

rail has been extended to 39 feet, with that as the requirement ; considera-

tion has been given to the percentage of seconds allowed the mills. There

has been a demand for additional classification of rails and separate load-

ing of rails of such classifications. There have been other features which

have come up which have made it in our opinion essential that a new rail

specification be provided. This Committee met in joint conference with

the Manufacturers' Rail Committee last fall and the specifications as printed

in the Bulletin which you have are the result of that meeting.

The Rail Committee wishes at this time to take advantage of this

opportunity to express their appreciation of the courteous treatment ac-

corded them by the Manufacturers' Committee at that meeting and at the

meeting held on last Tuesday, and to also acknowledge the helpful co-

operative spirit exhibited by the Rail Manufacturers' Committee in their

conferences with this Committee.

Subsequent to the joint meeting with the Manufacturers' Committee

last fall, in certain instances railroads applied for rail to be rolled under

these specifications, and we understand in an instance or two were met

with a demand for extra price on three items in the specification. One

of the items was the additional classification and separation in the loading

of the rails. It has since come to our knowledge that it is the opinion of

the Manufacturers' Committee that this item might be treated as of minor

importance. The Alanufacturers' Committee is not authorized to deal in

prices for rails. They report back to the manufacturers upon the spe-

cifications which are the result of the joint conferences, but they have

no authority to pass upon prices.

The Rail Committee held a meeting last Tuesday, and it was found,

and the Rail Committee does find, that the railroads and the Rail Com-
mittee itself are not a unit in the belief that it is essential that all rails

under the drop test shall be placed base up. Some of the railroads do not

seem to be concerned about that feature.

One of the demands for an extra price from the manufacturers was

on account of that requirement. By reason of the fact that the Rail

Committee itself and the railroads generally do not consider it essential

that all rails shall be tested base up, the Committee has made a change in

these specifications, inserting the word "preferably," as you will note in

1413
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the sheets that have been passed around the room here, which leaves

the requirement for testing the rails either base up or head up, the same as

in the former specifications.

The Committee has also made a change in the color; the X rails to

be painted brown instead of blue and the rails of the upper range of car-

bon to be painted blue instead of brown and has also added a clause that

individual rails shall be painted only one color, according to the order of

precedence as listed.

There is left but one item upon which the manufacturers have asked

for an extra price ; by the elimination of the requirement that all rails

shall be tested base up, we believe that the fears of the manufacturers that

there will be a great increase in the percentage of rejections by reason of

calling for the three drop tests, all to stand up instead of two out of three,

will be reduced to a considerable degree.

We are also of the opinion that the greater excellence of the output

of the steel rails now produced as compared with some years ago will

reduce the number of rejections. The Rail Committee feels very strongly

that the requirement that all three tests should stand up is absolutely es-

sential and necessary.

The Rail Committee does not believe that the railroads should have

to accept rails which have failed under the drop test, and the Committee

has difficulty in believing that the manufacturers as a matter of policy

will continue to insist upon the requirement that railroads must continue

to accept rails which have failed under the drop test unless they pay an

extra price.

In these specifications the standard length of the rail has been raised

from thirty-three feet to thirty-nine feet. The percentage of seconds has

been increased in proportion. There are other features which I will not

undertake now to explain in detail to you. The Committee recommends

that these specifications be accepted and adopted and printed in the

Manual, and I so move.

Mr. J. B. Emerson :—The motion is intended that these specifications

shall be printed in the Manual and will be substituted for the other specifi-

cations now printed.

President Ray :—You have heard the motion. Any questions ? It is

open for discussion.

Mr. J. R. W. Ambrose (Toronto Terminals Railway) :—Mr. Camp-

bell was called away and he has a memorandum here that he wishes me
to read. I do not know whether this is the time or not; it may be

pertinent.

"I suggest the desirability of designing rail sections so as to give one

width of rail base and rail head to several weights of rail as, for example,

a base width of 6 inches for 100, 110, 120 and 130-pound rail and a width

of 7 inches for 140, 150 and 160-pound rail. This can be done so that

all present requirements as to stability against overturning, moment of

inertia, section modulus and percentages of metals in head, web and base

of standard rail sections will be fully satisfied.
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"One width of base and head would simplify the tic plate matter

when weight of rail is changed, saving trouble and expense in repunching

or changing plates now necessary on account of variation of rail base

with each weight of rail, and in general, elimination of variation of base

width by small fractions of an inch and attendant complications and

cost of present practice is desirable and would be in line with simplified

practice and seasonable standardization.

"J. L. Campbell."

Chairman Moore :—Mr. President, the Rail Committee has not con-

sidered any changes in rail sections during the past year ; the Committee

is aware that a great many railroads have gone to heavier sections in the

last year or two or three years, and the Committee has felt that it was

not desirable at this time to again consider the changing of rail sections.

President Ray:—Is there any further discussion?

Mr. G. H. Tinker (New York, Chicago & St. Louis) :—Mr.
President, under the heading "Classifications," paragraph 9-B, I would

like to ask why the Committee adopted and allowed six inches when
the manufacturers do not ask for it. Six inches is in excess of the

ordinate which will give the same curvature as the ordinate now in the

specifications for thirty-three-foot rail. It seems to me that in going

above that figure, which is five and five-eighths inches, and above the

figure which the manufacturers themselves ask, we are letting down in

our specifications. It is perhaps a minor point, but I see no reason for

letting down in even minor points.

Mr. J. B. Emerson:—I will have the exact wording of the 1915

specifications in a moment in regard to the ordinate, which has to

do with the classification of rails No. 2, by reason of camber when com-

ing to the straightening presses. In the 1915 specification, the corre-

sponding provision reads : "Rails coming to the straightening presses,

showing sharp kinks or greater camber than that indicated by a middle

ordinate of four inches in thirty-three-feet of the A. R. A. sections, or

five inches for the A. S. C. E. sections, will be classed as No. 2 rail."

The whole effort of the Rail Committee has been concentrated to as

great an extent as possible in avoiding the effects of unnecessary straight-

ening. The new specifications hear the provision that a uniform sweep

which docs not exceed a certain amount is unnecessary to eliminate. On
the particular question of why the 6 inches is substituted on all classes of

rail instead of the four inches for the heavy base sections and the 5

inches for the light base sections, I may say that the length of the in-

dividual rail in its increase from 33 feet to 39 feet has to do with a num-

ber of things that affect our proportions. The number of short rails ac-

ceptable in an order has been enlarged, because the tonnage of a given

number of rails in 39-foot lengths is greater than the tonnage in 33-foot

lengths. The percentage of No. 2 rails, by reason of the change from 33

to 39 (the percentage being in tonnage), is accordingly given considera-

tion.
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Now the camber in 33 feet when translated into terms of 39 feet

will jump our old specification of an ordinate of 4 inches for 33 feet to not

far from 5 inches for 39 feet for a corresponding bend. For the thin

base sections, 5 inches for thin bases would be increased to something

over 6 inches. There are not very many thin base sections of the type that

were known as the A. S. C. E. sections left today in rail mill practice.

The bases have either been of themselves thickened or else the fillet be-

tween the web and the base has been so increased as to give the base

greater strength. Under the old requirements of the 1915 specification,

which we translated into 39 feet, it would be over 5 inches for the heavy

and would be over 6 inches for the hght. Under that requirement of the

specifications I think it is safe to say that out of perhaps 3,000,000 tons

of rail rolled in a good busy year at the mills, I do not think 100 tons in any

year could probably be classified as No. 2 rails by reason of the applica-

tion of this provision of the specification. It is largely of minor im-

portance in mill inspection.

Rather than carry a diversity of measurements, if we are going to

do it at all, it is more sensible to apply one scale to both light and heavy

bases than it is to continue the two old ones, and the reason why 6 inches

is larger than 5 or 4 is on account of the additional length of the rail.

Mr. L. J. F. Hughes (Chicago, Rock Island & Pacific) :—I wish to call

attention to the proposed change in Section 17 in color classification. The
reports and specifications furnished by the Rail Committee, I believe, are

followed more closely by the various railroads than any other of the re-

ports of our other committees. The color classification, as shown in

Section 17. on page 622, now largely prevails, the X-rayls or special rails

as we call them, being painted blue.

It happens to be my job to examine a great number of rail failure

reports. We have had special rails, blue end rails, received and placed in

track. A great number of our men are educated to the fact that these

blue end rails are special rails. I have seen a number of reports of rail

failures come in and on those reports it said, "Note, this is a blue end

rail." Now it seems to me that it would be unwise to reverse the color

scheme unless there is some very good reason for the same. High carbon

rails heretofore have been painted red. I understand it is changed to

brown because the red color sometimes becomes brown through age or

on account of the rails being unloaded in the dirt. But such a radical

change as changing to blue for the high carbon rails and vice versa, I

think is unwise unless there are other more valid reasons that I know
nothing of.

Chairman Moore :—The Rail Committee knows that it is a pretty hard

job to fit these colors to all railroads; it is pretty nearly impossible.

Where one railroad has used blue for X-rayls, another railroad has used

blue for the high carbon rails. At the time these specifications were first

printed, it appeared perhaps that more railroads had used brown for the

high carbon than blue for the X-rayls ; subsequent information neemed to

indicate that this might be reversed.
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It is absolutely impossible to provide colors for painting the ends of

these rails that arc going to meet the past practice of all, but it does seem

that it is a good thing to have the color painting made standard so that

the men at the mills who paint the end of the rails will be working under

standard instructions.

The Committee has done its best to provide these colors from the

information we have so that thcj' would meet the desire of the greater

number of the railroads.

So far as using red for any one of these classifications, it should be

remembered that a great many railroads paint the ends of the rails red

of each ingot or of individual rails taken out of the track which they do

not want to relay in their heavy main line tracks and hold those rails

either for scrap or for relaying in minor tracks, so that it has seemed

wise that the red should not be used for any of these classifications.

President Ray:—Is there further discussion on the specifications?

Mr. G. H. Tinker :—There is one other point that is mentioned, that is,

allowing a uniform sweep and not straightening the rail. That, I believe, is

a very important specification. Any man who has inspected rails knows how

easy it is to be fooled on the amount of camber. I defy one man out of a

hundred to tell what the camber of a rail is without stretching a wire.

The same thing has come up in connection with allowable camber on hot

beds. An inch and a quarter will look like half a foot and by the time

a man has been fooled a few times and seen a wire stretched, he will not

pay any more attention to any sweeps and the result will be you will get

rails that have greater sweeps than an inch and a quarter.

The old specification was far better; to say nothing about any al-

lowance of uniform sweeps. I agree with the speaker here that it is in-

advisable to change the scheme of colors and as to what the Chairman

has said about various roads having different color schemes, I ask you,

how many specifications arc there which provide other than blue for the

special rail ? Also, is it not a fact that there are more rails rolled under

the A. S. T. M. specifications than there are under any other?

Mr. J. B. Emerson :—In regard to the sweep of rail, I am certain the

Committee has been very largely influenced by an honest belief that many
rails when put under the straightening press are liable to undergo un-

necessary damage. Spiking out a reasonable amount of sweep in track

can very easily be accomplished without doing the slightest injury to the

rail.

The quantity of the permissible sweep, it has appeared to the Com-
mittee, is something which should be nominated in the specification and

not left to the responsibility of an individual inspector; and while the inch

and one-quarter, inch and one-half or two inches, any limit that might

be reasonably set, might be difficult of continued measure bv wire-stretch-

ing which, as Mr. Tinker said, is the only accurate method of doing it,

it is a whole lot better for the average commercial inspector who has to

take up the material to have a set amount on which lie can base his
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judgment, his check against his eye, by frequent wire measurement, than

it is for the man to accept rails which, in his own judgment, do not con-

tain improper sweep, but can be readily spiked out in track, where such

rails get out to the railroad company whom he is serving, his inspection

company is often challenged on account of a certain amount of sweep in

rail, while the specification provides for none.

The Committee has tried honestly to meet that condition, predicated

largely on the assumptions I have given, that wherever tolerances are nec-

essary as a principle, they should be incorporated for the benefit of the

inspector.

Mr. G. H. Tinker :—May I ask the speaker, do you consider that

removing a kink due to a camber of an inch and one-quarter is injurious

to the rail?

Mr. J. B. Emerson:—It is pretty hard to gag out a sweep without bend-

ing the rail in several places. Every time a rail is bent there is harm

done.

Mr. G. H. Tinker :—There is a sweep.

Mr. J. B. Emerson :—Precisely. This amount, it seems to us, is safe for

any rail.

Mr. G. H. Tinker :—My contention is that it would be better to retain

the old specification and make no allowance for sweep. Get the rails as

straight as you can. You will not get them all straight anyhow, and

these two or three things that have been mentioned here are a letting

down of the requirements of the specifications which is a step in the

wrong direction. We should not do it.

President Ray:—-Is there any further discussion?

(The motion was carried.)

Chairman Moore :—In presenting the statistics on rail failures there

have been tables prepared which cover not only the rail failures for 100

miles of track but rail failures equated for the density of traffic, so far

as it could be done. I will ask Mr. Emerson to present this and ex-

plain it. We would like to have a full discussion from the convention,

if we can, on this point to determine whether or not we should continue

to prepare records of rail failures based on traffic density.

Mr. J. B. Emerson :—During my four years of service with the Rail

Committee there has not been a convention at which we were not asked why
statistics are not figured on a tonnage carried basis instead of only years in

service basis. The Committee has recognized the fact that the most logical

way of meeting the question would be for us to collect statistics showing

exactly the amount of tonnage that passed over the individual failed rail. If

we had that, it would be a very simple matter indeed to take the total

number of failures and take the traffic that has passed over each failure,

and from that in our compilation show the number of failures per mile per

year per million tons of traffic carried.

However, it is absolutely impossible for any railroad system in this

country to get the amount of traffic that is passed over any individual
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rail. If there were all single-track roads, and if there were no branches, it

would be pretty easy, but on the multiple track railroads and railroads

with many branches, the traffic that diverges from the main line and the

amount that flows in from each of these different directions is not made
a matter of record, as a rule.

Therefore, we are trying to get at something else that will be a

fixed element which an Engineer can use in making computations, al-

though which might or might not be precisely accurate in application.

We know that in connection with a western mill practically its entire

output goes into lines whose traffic density is nowhere near as severe as

the output of an eastern mill, which goes into tracks very heavily trafficked.

The Bureau of Railway Economics has furnished us records which

show, among other things, the gross tons per mile of traffic per year for

each system reporting. It is perfectly possible to take those tonnages,

which vary for the individual railroads of this country, if expressed by

units, from the digit one to the digit thirteen as connection factors. Some
of our lesser-traffic western railroads have a relative traffic density of one,

with the heavier traffic portion of the Pennsylvania running as high in

that relation as thirteen to one,

(Mr. Emerson outlined the tables, reading from pages 632 and 633 of

Bulletin 273.)

Mr. J. B. Emerson:—If one compares individual mills, the mills whose

rails go into the lightest traffic with mills whose rails go into the heaviest

traffic, the relation between those mills in the second chart appears to be

in better ratio to the traffic they undergo than does the one in the first

chart. The scheme is presented for information only, and if the mem-
bership of the Association like it, I feel the Rail Committee might be

inclined to carry it on in the future. If they think it is not the right

basis, it will not be handled that way.

President Ray:—Is there any discussion on this part of the report,

which is submitted as information? If not, the Chairman may proceed

with the report.

Chairman Moore:—The Rail Committee has presented a recommended

design for track bolts, including corresponding joints and bar functions.

We withdraw our recommendation for printing this in the Manual. From
information we have recently received from certain railroads and certain

manufacturers, it may be that slight changes in the dimensions shown may
accommodate more railroads, and we withdraw the recommendation for

printing in the Manual and ask to have it printed as a progress report

and that we study the matter during the coming year.

President Ray:—If there is no objection, the report w^ill be so re-

ceived.

Chairman Moore:—The Committee printed some informatinn about

transverse fissures which I will not read.

(Chairman Moore read some of the material on the comparative wear

of various weights of rails.)
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Chairman Moore :—On the subject of relation of bolt tension to me-

chanical strength of joint and rail batter at joints, Mr. McDonald has

some information to present to the convention.

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—Last

year I gave a description of the observations which are being made on

mile 106, the Chattanooga Division of the N. C. & St. L. Railway, with

reference to this subject, and I will not repeat that here. I will report

only on the progress made since my last report.

The observations have been continued. Three surveys of joint open-

ings have been made and the results plotted. The dates of such surveys

and the average temperatures of the rail were as follows

:

June 23, 1924, average temperature 111°.

August 13, 1924, average temperature 118°.

December 29, 1924, average temperature 30°.

No zero temperature occurred, which, so far as these observations are

concerned, was somewhat disappointing.

The west rail was sprayed with a Neafie oil spraying machine, using

heavy asphaltic oil. The east rail was not sprayed on this mile.

The oil applied in this way does not reach the unexposed surfaces of

the joint or rail except for a short distance at the receiving ends of the

joints.

Joints in the west rail have been manipulated from time to time by

releasing and tightening bolts in the wide joints and in adjacent tight

joints, the object being to equalize, as far as possible, the expansion gaps.

In some instances, the passage of one train would close up a wide joint

gap. In others, it required as many as six trains.

I have here a blueprint showint^ the manner in which these joint

gaps have been plotted, and the last three sets of observations on it are in

color. They indicate that on the west rail where we have undertaken to

manipulate by loosening and tightening, we have been fairly successful

towards equalizing the expansion openings. I will not undertake to show

this chart as it would hardly be understandable unless it were put on the

screen.

Record is being made of unusual conditions at each joint such as lack

of batter, excess or lack of overflow of metal into joint gaps, flaking out

of metal, etc.

As heretofore reported, creeping in either direction has been

thoroughly controlled.

It is hoped that when the amount of bolt tension necessary to main-

tain the maximum strength of a joint has been determined experimentally,

some practicable means may be found to avoid unnecessarily high bolt

tensions.

It has been definitely determined that the batter of rail ends is

directly proportional to the width of the joint gap.

The observations being made on mile 106 are so intimately connected

with Subject No. 9 of this Committee, "The Cause and Prevention of
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Rail Batter," tlaat a study of the nature and extent of rail batter is also

being made.

Such information gathered where the history of each joint is well

known is necessarily more reliable than that gathered at random. How-
ever, gagings of joint openings, the extent of overflow of metal into the

joint gap and the influence of such overflow on joint batter, are being made
at some other points and include observations on resawed or clipped rail

as well as rail in double track.

A special combination gage has been developed for measuring the

joint gap, the depression of the top surface of the rail at the joint, and, in

connection with a feeler gage, the length of the battered areas.

The carbon content and ingot letter of each rail on mile 106 has

been tabulated, but the influence of these on the extent of joint batter has

so far been found negative. The location of the joint gap with reference

to the ties has been recorded.

(Chairman Moore read from the report on page 617 under Desirable

Length of Rails.)

Chairman Moore:—On the subject of welding track and signal bonds,

we report progress ; the same with reference to the subject of determina-

tion of maximum permissible wheel loads on steel rail.

On limits of rail wear on curves, Mr. Cushing has presented as

Appendix D a very complete analysis of this subject.

(Chairman Moore read the Committee's recommendations on page

618.)

President Ray:—That completes the report of the Committee. Is

there any further discussion before they are dismissed? If not, the Com-
mittee will be dismissed with the thanks of the Association. (Applause.)



DISCUSSION ON ECONOMICS OF RAILWAY LABOR
(For Report, see pp. 929-1008)

(Past-President C. A. Morse in the Chair.)

Mr. C. C. Cook (Baltimore & Ohio) :—The report of the Committee

on Economics of Railway Labor is found in Bulletin 275, page 929.

Aside from the two usual subjects of Revision of the Manual and

the work for the coming year, there were but two subjects handled by the

Committee, in fact, only two assigned. The first is Standard Methods of

Performing Maintenance of Way W'ork and Establishment of Units of

Measure of Work Performed. Mr. Reece, chairman of the Sub-Com-

mittee, will submit the report.

Mr. A. N. Reece (Kansas City Southern) :—This subject was first

assigned to a Committee in 1920, and in 1922 the Committee rendered a

report at the convention, which was later published in the 1922 supplement

to the 1921 Manual. Since that time the subject has been reassigned to the

Committee for the purpose of paving the way for the use of the methods

outlined and the procedure of making time studies, and for the measure-

ment of units of work performed, as outlined in that first Committee

report.

We have continued along the lines of the first Committee's report

in assembling data to pave the way for the use of the Committee's recom-

mended plan. This year we have procured a number of studies on rail

laying, cross-tie renewals, ballast renewals and a number of other miscel-

laneous subjects in addition to a considerable quantity of cost data.

Since the Committee's assignment we have compiled 60 separate

studies on renewing rail out of face, 75 separate studies on renewal of

cross-ties, 45 separate studies on ballasting and ditching operations, and 21

miscellaneous and cost data studies.

I believe our report in the Bulletin is very clear, and any carriers

desiring to do so can avail themselves of such data as we have prepared

and should be able to carry out on their own lines, for purpose of com-

parison, the production of different gangs, the work of one division

against another, or similar work of one railroad with another.

Since this Sub-Committee's report is offered only as information,

I will not undertake to read it, but if there are any questions we shall be

glad to hear them.

Chairman C. C. Cook:—The report of this Sub-Committee is submitted

simply as information. I move you that it be so received.

Past-President Morse:—Is there any discussion on this part of the

report? If not, the report is accepted as information.

Chairman C. C. Cook:—Subject 2 is Methods of Programming Main-

tenance of Way Work, looking to the Most Economical Application of

Labor. It will be presented by Mr. Howson.

Mr. E. T. Howson (Railway Age) :—Mr. Chairman, the report of

this Sub-Committee appears on pages 985 to 1008 inclusive.
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The Committee is of the opinion that no single factor exerts a more

direct influence on the efficiency with which maintenance of way work is

handled than its orderly prosecution throughout the year. This neces-

sitates the preparation of a budget in which the funds available are

allotted to those projects which it is considered most important to carry

on. It then contemplates the approval of that budget and the preparation

of a program under which that work can be organized so as to conduct

it most efficiently.

It is a recognized principle in industry that maximum economy is

secured only when uniformity in volume of work and continuity of

operations are secured. With that thought, the report of the Sub-Com-

mittee has been prepared to point out what the Committee considers are

the essentials to a continuous program or as nearly continuous a program

as the conditions under which maintenance of way operations must be

conducted, permits.

After the approval of the budget, the maintenance of way and engi-

neering officers should have some reasonable assurance that they will be

permitted to organize a program and to carry out that program in the

most orderly manner. As a means to that end, the equalization of ex-

pense plan has been approved by the Interstate Commerce Commission

under certain conditions and has been put into effect in large measure on

at least one road. That equalization of expense plan permits a road to

distribute its expenses uniformly throughout the year, thereby accumulat-

ing a credit during the early months of the year, even though the money

may not be actually expended because of climatic conditions and permits

that credit to be exhausted and a debit created during the active working

season, which debit will be wiped out in the closing months of the year.

That plan is based upon the assumption that the wear and tear on

property is more or less uniform throughout the year, but that the over-

coming of that wear and tear must be taken up during a few months

because of climatic conditions.

Having a liudget, having secured the approval of that budget and

having reasonable assurance that that budget will be maintained, the next

step is to develop a program and carry that program down to the gangs

which will actually carry on the work.

The Committee has presented, on page 991 and following pages, the

essentials of the programming of track work, particularly as carried

down to the divisions, down to the roadmaster's subdivisions on the

division, and down to the gangs under the supervision of the roadmasters.

The plan of a large western road, the Illinois Central, f)n which that plan

has been developed into considerable detail, is presented as information

for the assistance of other men who desire to utilize the experience of

that road in developing an orderly program throughout their own opera-

tions.

In an effort to ascertain the extent to which a plan lOr tin- program-

ming of maintenance work was in effort on other roads, the Snli-Com-
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mittee wrote a number of representative railroads, the abstracts of the

replies to this letter appearing on pages 994 and those immediately fol-

lowing.

In programming bridge and structure maintenance it is a common
practice on practically all roads to prepare a bridge program late in the

winter or early in the spring and follow it out with more or less

precision throughout the summer. The attention of the Committee was

drawn to one railroad, the Midland Valley, which has organized its forces

so thoroughly that the timber is ordered for specific jobs, and is shipped

to the job and is there awaiting the gang, when it arrives. The gang takes

it from the cars and puts it in the structure. It is true the Midland Valley

is a small road as compared with many transcontinental railroads, but

it corresponds in magnitude with a division on an ordinary railroad. The

Committee feels there is much in its practice that can be adopted by other

railways, if they will view it in that light, for most bridge programs are

made up on the basis of division necessities and the gangs are organized

largely on the division basis.

On page 1008, your Committee presents its conclusions, which it

recommends for adoption by the Association and publication in the Manual.

(Mr. Howson read the conclusions on page 1008 of Bulletin 275.)

Mr. E. T. Howson :—I move the adoption of these resolutions, Mr.

President.

Past-President Morse:—This is a very interesting subject and it is one

we are all trying to work to, and we ought to have a good discussion on it.

Mr. H. C. Crowell (Pennsylvania Railroad System) :—It seems to me
this is one of the most important papers that has been presented this year.

I wish to commend especially the section entitled Equalization of

Expenses on page 988 and following pages. Perhaps some of us are not

aware of the fact that the Interstate Commerce Commission has been

gradually taking away from us the privilege of equalization. If I am
correctly informed, the probability is that when the new classification goes

into eflfect we will have no privilege of equalization. Therefore, it seems

to me that we should all make it a point to tell our executive officers, and

especially our accounting officers, that we want the privilege of equaliza-

tion of maintenance of way expenditures. Of course, it is not compulsory

now, and we want it left optional.

On page 990, I think possibly a little modification in the tabulation at

the bottom of the page might be made to advantage. We learned

yesterday from the report of Committee XXI that maintenance of way
expenses are afifected by traffic, that is, the density of traffic. It is, of

course, incorrect to say that maintenance of way expenses are afifected

directly; that is not the case. But they are influenced, to a certain

extent, by the density of traffic, and it seems to me the last column,

instead of having equal amounts all the way through from January to

December, might be changed so that it would reflect, in a measure, the

variation in traffic which most of the roads experience.



Discussion 1425

Chairman C. C. Cook :—In connection with the first suggestion by Mr.

Crowell, I am very glad he has stressed the point, because the Committee

has felt, from the standpoint of the Engineers, it is very essential that

we retain the equalization feature. Some members of the Committee were

not satisfied with the present ruhng of the Commission, which requires

the clearing of the equalization account at the end of each year, and for

that reason we added, late in the year, the clause on page 990, which

reads : "Further economies in maintenance are also possible through the

use of maintenance reserve accrual accounts which would not be sub-

ject to the requirement that they be cleared at the close of each j-car.

And it is suggested that carriers be given more freedom of action to

adopt such further means as are best suited to the individual conditions."

A number of roads may desire to carry on a rail program over a

period of four or five years and equalize the expenditures. The Committee

felt they ought to encourage such latitude of action and avoid approval

of any suggestion leading towards a restriction of the equalization

privilege.

In connection with the second suggestion, the amounts shown might

vary according to the traffic. The requirement at present under the ruling

is that they shall be equal monthly charges. About one-third of the

maintenance expenses are affected by use, the other two-thirds are not

;

the suggestion might be a further development in later years and might

be desirable.

Mr. Edwin F. Wendt (Consulting Engineer) :—The report of the Com-
mittee is worthy of careful study and of extended discussion. How-
ever, time forbids more than a few remarks in order to comment on both

subjects which have been presented.

The first subject was, as I understand it, the time unit study. It

seems to me that the Committee is logical in its treatment of the ques-

tion, and, in football language, they are getting at the guts of the situation.

As we all know, classification of investment account No. 12 consists of

labor costs. While the report of this Committee relates primarily to

maintenance of way, I see no reason why the time unit plan cannot be

applied to construction as well as to maintenance.

I wish to direct attention to what many of you know, that during

the past year or two several thousand pages of testimony have been

presented to the Interstate Commerce Commission showing the cost ot

track laying and surfacing. There is a great difference between the

Commission's view of valuation and the carrier's as to what constitutes

the cost of track laying and surfacing. I think, if the plan suggested by

this Committee is carried out, that the records would then be so complete

there could be no difference of opinion as to the amount of the cost.

I know of one carrier which last year made a time unit study in order

to ascertain the exact cost of track laying and surfacing, and I want to

suggest that it would be a fine thing if the carriers which are building

new track in 1925 would make time unit studies showing the exact cost

of the various elements of account in track laying and surfacing.

A
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With respect to the budget plan which has now been presented, we

all heard Director General Davis, last evening, lay particular stress upon

that part of the Transportation Act which authorized the Interstate Com-

merce Commission to set a schedule of rates which will yield a fair

return upon the value of the railways under efficient and economical man-

agement and reasonable expenditure for maintenance of way and struct-

ures.

I think the report of this Committee respecting the budget is worthy

of careful study and it is probable that, in the future, engineering officers

of carriers will be required more and more to justify the expenditures

for maintenance of way, and the best way to justify these expenditures,

it seems to me, is through the application of the budget plan including

the other features which have been recommended by this Committee.

Mr. Garrett Davis (Rock Island) :—Mr. President, we are right

now contemplating a programming of work, particularly the track work.

Mr. Howson referred to the Illinois Central program of work. I recently

made some inquiry into their method and found they are not program-

ming their track work, as I would call it. The foreman makes a report

of the work he does, but he does not know in advance what he is going

to do from a regular defined program.

I will suggest what I have in mind. When the distribution is made,

I intend to give it to the section foreman and give him a blank form to

fill out as to how he proposes to spend it. If it does not agree with the

roadmaster's ideas, he can go and talk with that man and revise it. But

the more you can get that foreman to think what he is going to do next

week and how he is going to do it, and get his head working on his

work, the better results you will get. I am in favor of programming it,

but it must be done in a well defined and definite manner.

In the old days, years ago, we used to put in ties, as we said, a little

stiff without tamping them. I have seen a foreman and four men put in

125 ties a day. I have known a foreman to put in 1,500 ties a month.

Every tie that had to go in that year was put in in the month of May,

and then he would go back and fix the track afterwards. More recently

the method has been to tamp up and dress up and finish the track from

day to day and it averages about ten ties per man.

On this programming, I intend to get out a form showing the principal

items of work, and barring storms, wrecks and things like that that shoot

a program all to pieces, we ought to work fairly close to it.

One advantage of the program, as I conceive it, is that if one man

is estimated to do a certain amount of work and is very much out of line,

the roadmaster can go to that man and tell him, "Your neighbor here is

doing that same work for fifty per cent of what you are assigning to it.

There is something wrong, either you are oflf or he is oflf." And by

getting those men together, getting them to thinking, getting, you might

say, a little competition between them, I anticipate better results.

Mr. E. T. Howson:—Mr. Chairman, Mr. Davis raises a question

regarding the accuracy of the report of the Committee in its reference
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to the Illinois Central. I think the report of the Committee is

correct, and I think Mr. Davis is also correct. The Committee's state-

ment was based upon its investigations on certain parts of the system.

The plan in effect and described there is not in effect over the entire

system, but is on four or five divisions and is being extended to other

divisions. Evidently Mr. Davis' investigation was made on divisions on

which this not not in effect.

The plan, as I understand it, was first developed on the St. Louis

division three years ago and has been in effect there ever since and is

now in effect also on four or five other divisions, and is being extended.

Past-President Alorse :—We would like to hear some further discussion

on this very interesting subject. I would like to hear from Mr. Beckett. It

is one of his favorite subjects. Mr. Beckett, talk to these people like

you talk to me.

Mr. F. T. Beckett (Rock Island) :—Mr. Chairman, we are carrying

on a program. It is given to the Superintendent and by him to the Division

Engineeer who gives it to the roadmaster and the the master carpenter and

the water service foreman. It is carried on much as described by the

Committee and Mr. Davis. It works out fine. The only trouble with us

is we just do not get quite enough money for it. The plan is fine.

Past President Morse :—I did not mean when I said, you should talk as

you talk to me, that you should mention that you do not get enough money.

Any further discussion? Mr. Yager, are you not interested in this

subject ?

Mr. Louis Yager (Northern Pacific) :—Mr. Chairman, I am very

much interested, of course, but as the time is late, I do not think I can add

anything new to what has already been so well expressed. It is a very

commendable project and I am heartily in favor of it.

Past-President Morse:—If there is no other discussion, the question

before the Association is the adoption of the conclusions of the Committee

as read by Mr. Howson on page 1008. All those in favor of the conclu-

sions and the publication of these in the Manual will please say "aye"

;

opposed, "no." They will be included.

I want to thank the Committee, before we dismiss them, for their

work on this. I did not say very much on this subject, as it is a fad of

mine. I tried to get Mr. Beckett and some of these folks to say some-

thing about it. I think the Committee deserve the thanks of the Associa-

tion for this start on the question of programming work. I believe it is

something that is going to help us out in handling our work more
economically and more expeditiously. (Applause.)



DISCUSSION ON RECORDS AND ACCOUNTS.
(For Report, see pp. 773-8S8)

Mr. H. M. Stout (Northern Pacific) :—You will find the report of

Committee XI—Records and Accounts, in Bulletin 274, beginning at page

Of the eight subjects assigned this Committee, we are making report

on three, one of which is presented as a final report, the other two as

progress reports. Subject No. 2, Cost-Keeping Methods and Statistical

Records, is a subject which was presented, in part, last year. It is com-

posed of two subjects assigned several years ago, but because of their near

relationship they have been combined as a single subject and so presented.

The subjects as originally presented were: (a) Cost-Keeping Records

and Statistical Records, and (b) Forms for Analyzing Expenditures for

Assistance in Controlling Expenditures. The final report is now submitted

as Appendix A, beginning on page IKy, and Mr. V. R. Walling, the chair-

man of the Sub-Committee handling that subject, will present the report.

(Mr. V. R. Walling abstracted Appendix A, beginning on page 776.)

Mr. V. R. Walling (Chicago & Western Indiana) :—The Committee

recommends the adoption of this report with the exception of the appended

note at the bottom of page 789, and recommends that it be printed in the

Manual. I move the adoption of this report for publication in the Manual.

President Ray:—You have heard the motion. Is there any discussion?

This motion carries with it the recommendation that this entire part of

the Appendix A be included in the Manual.

Mr. H. M. Lull (Southern Pacific) :—I am very much in favor of

the report as rendered by the Committee and think that if these forms and

methods of analysis of expense could be put into effect to the extent

recommended it would be of great assistance to everyone who has to

look after the expenditure of money allowed, or be more or less responsi-

ble for the conduct of the work. However, it seems to me that on some

railroads, at least, it would be rather a difficult matter to handle In the

manner recommended.

The Interstate Commerce Commission prescribes certain forms and

methods of keeping railroad accounts and the general auditors of most

railroads are rather jealous of their prerogatives with respect to being

responsible for all the accotmting done on the railroads.

Now, on our system we have no provision for clerical forces or ac-

counting forces which would enable the Engineering Department to keep

separate accounts and keep supplementary accounts for its own infor-

mation except as we can squeeze them in with the help that we are allowed

for other purposes.

I do not see anything in this report of the Committee recommending

how these accounts are to be kept. Do they propose that the division
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accounting bureaus and the auditor's office shall have charge of this

work or do they propose to give the Engineering Departments the neces-

sary forces so they can keep them yp for their ov^^n information and in

their own offices, and will all of these supplementary records receive the

approval of the Interstate Commerce Commission as necessary branches of

railroad accounting, or will they be inclined to think the matter is being

carried beyond the economical and necessary limits?

Mr. V. R. Walling :—I believe what we have suggested here in the

creating of sub-primary accounts, is a practice that is now being used on a

number of roads. I feel sure that is true, from the information that this

Committee secured from many of the trunk lines in developing this, which

indicates that they had already arranged for this segregation of the ac-

counts in the manner indicated, and there is nothing that I know of which

the Interstate Commerce Commission would take exception to, because

the total of the accounts in the last analysis goes to the proper primary

account, and, of course, the matter of how they are handled by the Ac-

counting Department or the Engineering Accounting Department is a

detail which would be developed by the individual road according to

their practice.

Mr. H. M. Lull :—Would the Committee care to express their own
opinion as to what is the best method of handling the detail ? I should like to

know whether they think it should be turned over to the Auditing De-

partment, or whether they think the Engineering Department should

handle it?

Mr. V. R. Walling :—That particular phase of the matter was not

discussed by the Committee to any extent, simply because the procedure on

the different roads should determine how they would handle it, and any

road that saw fit to set up sub-primary accounts could secure such infor-

mation from some of the roads that have already pioneered it. Further-

more, the recommendation of the organization to handle this work is

outside the scope of this Committee.

President Ray:—Is there any other discussion?

(The motion was carried.)

Chairman H. M. Stout :—The second subject we have to present this

year is No. 3, Plans, Methods and Forms for Gathering and Recording Data

for keeping up-to-date the Physical and Valuation Records of the Prop-

erty of Railways. This is a preliminary report submitted under Appendix
B, beginning on page 807. Mr. C. C. Haire, chairman of the Sub-Com-
mittee, will present the report in brief form.

(Mr. Haire abstracted the report from pages 807 to 842, Bulletin 274.)

President Ray:—You have heard the report of the Committee, which

is open for discussion. If there is no discussion and no objection, the

report will be received as information.

Chairman H. M. Stout :—No reports are offered this year for Subjects

Nos. 4 and 5. Some work has been done on No. 5.

(Chairman Stout read paragraph 5, on page 774.)
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Chairman H. M. Stout:—This is a subject which was assigned in con-

nection with a corresponding subject given to Committee XXI. That Com-
mittee has made its report on its phase of the subject this year and, there-

fore, we are now able to go ahead with the preparation of methods for

recording and accounting.

(Chairman Stout read paragraph 6 on page 774.)

Chairman H. M. Stout:—Subject No. 7, Comparison of Daily and

Monthly Time and Material Reports. The first progress report on this sub-

ject is herewith presented as Appendix C. You will find that on page 843,

and Mr. H. C. Crowell, chairman of the Sub-Committe in charge of that

subject, will now present the report. This subject deals with a primary

record of all railroads and is of very great importance and should receive

the careful consideration of the Association.

Mr. H. C. Crowell (Pennsylvania Railroad System):—The Com-
parison of daily and monthly time and material reports was assigned

to this Committee this year, as stated by the Chairman, and the first

progress report appears on page 843 of the Bulletin. The Committee

has confined its attention this year to the reporting of time, that is, labor.

In addition to the discussion of daily versus monthly reports, the Com-
mittee considers this an opportune time to design a time report that will

take care of changes that have been brought about in the maintenance of

way department in the last seven years. These changes are numerous and

I think it is unnecessary to explain to you what they are.

Next year the Committee expects to prepare summary sheets on which

the information reported on the daily time report may be entered and

totaled, and the following year the reporting of maintenance of way ma-
terial will be considered. The subject is presented under the following

captions, beginning with page 843.

(Mr. Crowell read the captions.)

Mr. H. C. Crowell :—Then on page 847 we have outlined the general

features of the report suggested. We think there should be substantial

agreement among Engineers as to the adoption of a report based on these

general features.

On page 848 we have listed several of the minor details. These are,

of course, less important than the general features, and very likely many
of you will be unable to agree with some of these details that are listed.

It will depend largely on the character of the road and the organization

of the particular carrier.

On page 849 we have shown the eighteen roads that have been con-

sulted in connection with the design of this time report and we have

given a resume of the practice in regard to the different features of time

reports used on these roads.

(Mr. Crowell called attention to the exhibits on pages 851 to 858, read-

ing the conclusion on page 851.)

Mr. H. C. Crowell :—I may say I have here some sample books that

have been prepared by the printer and also prices on these books, if you are

interested.
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Chairman H. M. Stout :—This part of the Committee's report is sub-

mitted as information.

President Ray:—Is there any discussion? If not, and there is no

objection, it will be so accepted.

Chairman H. M. Stout :—Mr. President, this concludes the report of

the Committee, but before we are dismissed, I wish to say that it is with

very great regret on the part of the Committee that we have to announce

the death during the year of one of our valued members. Major William

Avery Brewer, a valued member of the Committee since March, 1922, died

Sunday, November 30, 1924, of injuries sustained in a tragic accident when
returning home the evening of Thanksgiving Day.

The Committee wish to record here their appreciation of the many
estimable qualities of Major Brewer and their profound regret at his un-

timely' death. Major Brewer served with distinction in the Engineers'

Corps in the World War and was cited for gallantry.

Mr. C. C. Cook (Baltimore & Ohio) :—Before this Committee is

dismissed I want to make one remark in connection with the proposed re-

vision of the I. C. C. classification of accounts. I note they feel their

suggestions have not been received very favorably by the Railway Ac-

counting Officers Association.

With respect to equalization, which is stressed so much, I happen to

know that the former president of that association and the chairman of

the committee which is handling the proposed revision of the classification

are in favor of the equalization of accounts. I believe that any sugges-

tions coming from this Committee, on whom this Association must rely to

give effect to the recommendation of our Committees, will be received very

favorably.

President Ray:—Is there any other discussion before the Committee

is dismissed? If not, the Committee will be dismissed with the thanks of

the Association for the extensive and valuable work they have done.

(Applause.)
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(For Report, see pp. J009-1080)

Mr. W. A. Clark (Duluth & Iron Range) :—The Committee this year

reports on three subjects and wishes to record progress on the other subjects

assigned.

The first subject, that of Substitute Ties, comes under two heads:

(a) Report on Ties under Test, and (b) Design of a Substitute Tie, and

will be submitted by the chairman of the Sub-Committee, Mr. Burton.

Mr. W. J. Burton (Missouri Pacific) :—As usual we have included a

compilation of tests of substitute ties now in progress. The results are

shown on page 1019. We have also included, as in the past, statements

from the several roads having such ties under test. This work was under

the direction of Mr. Young, who is not present.

The other portion of the report covers the design of substitute ties.

This subject the Committee has had for several years, and this report

summarizes and puts in one place the work which has partially been re-

ported in previous years. The only really new material in the substitute

tie report this year is the suggested design of a substitute tie, and the rea-

sons for this design are given in the middle of page 1024. This design is

presented with the thought that while no substitute tie, at the present

relative prices of timber and substitute materials, can compete on an an-

nual cost basis, as with the sinking fund method, it will require a period of

years of development to produce a satisfactory substitute tie. It already

has taken forty or fifty years, and we are perhaps no nearer now than we
were a good many years ago. The Tie Committee does not believe that

we are necessarily going to be required to have a substitute tie, but this

design is suggested as one of perhaps many different forms which might

be developed into a satisfactory substitute, and thus have a satisfactory

one available should the time come when its use would be economical.

The particular ^ection chosen is a standard channel, merely because

if we had recommended a special section, perhaps no one would have such

a section rolled and no tests would be made.

One of the points we are recommending is the use of copper content

steel. This recommendation is based largely on results with copper con-

tent tie plates, and in recognition of the fact that the corrosion of sub-

stitute ties in the past has been the most important cause of failure.

Chairman W. A. Clark :—This part of the report is to be received as

information.

President Ray:—Is there any discussion? If there is no objection,

the report will be so received.

Chairman W. A. Clark:—The second subject, Ties of Foreign Woods
in this Country, will be found on page 1033. At this point I wish to note a

correction or rather a revision in the action recommended. The Com-
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mittee wishes to submit this report as information also. Mr. Belcher,

chairman of that Sub-Committee, will present the report.

Mr. R. S. Belcher (Atchison, Topeka & Santa Fe) :—This report is

based upon the answers to two questionnaires sent out by the Committee

to those railroads in the United States which had made tests of ties of

foreign woods, as shown in Exhibit A, page 1077, and another to members
of the Association, and correspondents in other countries as shown in

Exhibit B, page 1078. Information obtained from the questionnaires has

been supplemented by abstracting material from the publications referred to

in this report. The Committee has not attempted to compile information

regarding the timber supply in foreign countries generally, but where in-

formation referring directly to the availability of tie timber has come to

the attention of the Committee, it has been briefed and is submitted for

what it may be worth.

On pages 1045 to 1061 is given the data supplied by lines which have

made test installations of ties of foreign woods. These tests quite uni-

formly gave results much poorer than expected and justify the belief that

in general woods so far advocated as substitutes for American woods are

not to be relied upon.

Photographs on pages 1047 to 1051 show splitting which is character-

istic of nearly all foreign woods tested as ties in the United States, and

seemingly the denser a tropical wood is, the more it splits under stresses

of climatic changes in the north temperate zone.

Under "nomenclature of foreign woods" on page 1062, two lists are

given as an attempt to make available a record of the woods referred to

in the material gathered by the Committee and used in this report ; the

first list gives alphabetically the common names used in this report and

the corresponding scientific names so far as known to the Committee.

The second list, page 1069, records under the scientific names arranged

alphabetically the woods referred to in this report as having been used as

cross-ties in foreign countries or in the United States with an indication

of the service given and the roads which made the tests.

The third list on page 1074 is of the woods used as cross-ties in

foreign countries and in the United States whose scientific names were not

determined, also with an indication of service given and road making the

test.

(Mr. Belcher read from the conclusions on page 1076.)

President Ray:—You have heard the report which is submitted as

information. Is there any discussion? If not, and there is no objection,

it will be so received.

Chairman W. A. Clark:—The third subject 'assigned is Specification

for Tie Plugs on page 1079 of the Bulletin. Mr. Blaiklock, chairman of

that Sub-Committee, is absent. I will read the report.

(Chairman Clark read the report on page 1079 and page 1080.)

Chairman W. A. Clark :—Mr. Chairman, I move the adoption of this

report for inclusion in the Manual.



1434 Ties

President Ray:—You have heard the motion. Is there any dis-

cussion ?

Mr. Hunter McDonald (Nashville, Chattanooga & St. Louis) :—This

is comparatively an unimportant matter, but I think the Committee is some-

what wrong in confining the use of tie plugs to treated ties. I believe

there is every reason to use them in untreated ties, and I think the word

"treated" ought to be taken out and the clause be left to read "tie plugs

should be used in all ties." In the practice of a good many roads I know

they do that with the idea that what oil they drive into the hole will tend

to prevent further decay.

Mr. C. C. Cook (Baltimore & Ohio) :—If Mr. McDonald makes that

in the form of a motion, I second it.

Mr. Hunter McDonald :—I move that the Committee so amend their

specifications of this recommendation as to include the use of tie plugs in

all ties.

Mr. J. R. W. Ambrose (Toronto Terminals Railway) :—Mr. Presi-

dent, I believe Mr. McDonald has not said exactly what he meant. He
meant the use of treated tie plugs in all ties.

Mr. McDonald :—That is what I intended to say. I know my language

heretofore has expressed that idea, but I did not do it the last time.

Treated tie plugs in all ties.

President Ray:—The Manual at the present time includes the use of

tie plugs in all ties. The question, as I understand it, is on the use of

treated tie plugs in all cases.

Chairman W. A. Clark :—I think a good many members of the Com-

mittee would be quite willing to accept Mr. McDonald's suggestion, but I

question whether we should confine the recommendation to treated plugs for

all ties.

President Ray:—Any further discussion on this question? Mr. Mc-

Donald, did you make it in the form of a motion?

Mr. McDonald :—I believe I can cover it better by making a motion

that the specifications be so amended as to provide that all tie plugs shall

be treated.

President Ray:—The Committee accepts that. If there is no further

discussion, all in favor of the specification for tie plugs as given in Appendix

D say "aye." It is so ordered.

This completes the report of the Committee. They are dismissed with

the thanks of the Association. (Applause.)
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Died March 31, 1924

A MEMOIR

Henry Trovert Douglas, Jr., was born June 16, 1863, at

"Edge Hill," the ancestral home of his mother, in Richmond

County, Virginia, and was the son of Dr. William Walter

Douglas and Betty Landon Chinn.

The Douglas family originated in Scotland and came to the

United States prior to the Revolution from Jedborough, Scot-

land, and settled in New Kent County, Mrginia, at a place

named Providence Forge, becoming very well known and

much respected throughout the State.

One of Mr. Douglas' great-grandfathers was William Dtnvn-

man McCarty, who was a Captain in the United States Navy

during the War of 1812. Captain McCarty was executive offi-

cer of the U. S. Ship Constitution when she fought the British

Ship Guerriere, and for his gallantry in that battle, the Con-

gress of the United States and the Legislature of Virginia each

presented him with a gold-mounted sword. It is also of interest

to note that Captain McCarty's wife was Frances Ravcnscroft

Ball, a great-granddaughter of Joseph Ball, who was George

Washington's grandfather.

Dr. William Walter Douglas, his father, was a prominent

physician, being a graduate of William and Mary College and

of the Medical College in Richmond, Va. Dr. Douglas was

assistant surgeon and surgeon in the Confederate Army and

served on the staffs of Generals Stonewall Jackson and J. E. B.

Stuart, and was later stationed at the hospitals in Richmond.

He was American Consul at Bradford, England, for four years.

He was for years one of the State Medical Examiners of Vir-

ginia and also a member of the Virginia Legislature.

General Henry T. Douglas, an uncle and for whom H. T.

Douglas, Jr., was named, served in the "Confederate Army in the

Prepared by Arthur Montzheimer, C. F. W. Felt, B. H. Mann, H. R.
Talcott, R. A. Cook, C. P. Howard, H. D. Pollard, E. B. Temple, Committee.



Civil War, and in the U. S. Army during the Spanish-American

War, the latter service as Brigadier-General of Engineers. He was

Chief Engineer of the Richmond and Danville Railway, a predeces-

sor of the Southern Railway, and from 1883 to 1896 was Chief En-

gineer of the Baltimore and Ohio Railroad. He was Princi-

pal Assistant Engineer in the construction of the subway sys-

tem in New York City until 1918, at which time he retired and

is now living at Kaines, Providence Forge, the old home of his

father and grandfather.

It has been said that Mr. Douglas' father's ambition was

that Mr. Douglas become a physician, but after attending

schools in Virginia, his family moved to England, where they

lived for some time and where Mr. Douglas received most of

his education, and when the family returned to this country to

live, he entered the civil engineering profession.

Mr. Douglas entered railway service in 1880, as Rodman on

the Georgia Pacific Railway, since which time he was consecu-

tively 1881 to 1887, Instrumentman, Assistant Resident Engi-

neer and Resident Engineer, Philadelphia Division, Baltimore

and Ohio Railroad; 1887 to 1888, Division Engineer, Mobile and

Ohio Railroad; 1888, Locating, Resident and Division Engineer,

West Virginia Central and Pittsburgh, and Kentucky Midland

Railways; 1889 to 1891, Locating and Resident Engineer, Sea-

board Air Line Railway; 1891 to 1892, Assistant Engineer and

Division Engineer, Baltimore and Ohio Railroad; 1892, Locat-

ing and Assistant Chief Engineer, Chesapeake and Ohio Rail-

way; and Locating and Assistant Chief Engineer, Chicago and

Eastern Illinois Railroad; 1893 to 1894, Chief Engineer, Ohio

Southern Railroad; 1894 to 1895, Locating and Division Engi-

neer, Virginia, Fredericksburg and Western Railway; 1895 to

1897, Locating and Division Engineer, Philadelphia, Wilming-

ton and Baltimore Railroad; 1897 to 1899, in War Department,

as Assistant Engineer, in Charge of Harbors and Seacoast De-

fense work, Baltimore, Md. ; 1899 to 1901, Chief Engineer, Pitts-

burgh and West Virginia Railroad; 1901 to 1912, Chief Engi-

neer, West Side Belt Railroad of Pittsburgh; 1904 to 1912, also



Chief Engineer, Wheeling and Lake Erie Railroad, Wabash Pitts-

burgh Terminal Railway and Pittsburgh Terminal Railroad and

Coal Company; 1912 to the time of his death. Chief Engineer,

Chicago and Alton Railroad, and Vice-President, Joliet and Chicago

Railroad.

In the latter part of 1897 he became Assistant Engineer in

the War Department of the United States Government in

charge of Harbors and Seacoast Defense Work, and was lo-

cated at Fort Howard, near Baltimore, Maryland, where a

large part of the Seacoast Defense Work constructed at that

time was built under his direction and supervision.

During the time he was Chief Engineer, the Wheeling and

Lake Erie Railroad was rehabilitated, and many large and ex-

tensive improvements were made under his direction and super-

vision, such as revision of grades ; changes in alignment ; the

building of a large yard and shops at Brewster, Ohio; the

construction of ore and coal docks at Huron, and the installa-

tion of ore and coal-handling machinery on these docks; the

building of the Lorain and West Virginia Railway from Wel-

lington to Lorain, and the new freight and passenger termi-

nals at Cleveland and Toledo.

During his time as Chief Engineer of the Chicago and Al-

ton Railroad, under his direction the new Glenn Terminal was

constructed; the new shops at Bloomington; the new freight

terminal and office building at Chicago, and many other large

improvements.

Mr. Douglas was commissioned a Major of Engineers in

the Officers' Reserve Corps during the World War, but did

not see active service. He did his bit, however, during the

World War by urging everyone to perform every duty they

were called upon to perform, whether by the purchase of bonds,

the adoption of war orphans, by his talks on service and loyalty

to the country, he, himself, setting the example to the extent

of his ability. He was particularly interested in the French war

orphans, and by his adoption of one of these war orphans

showed his genuine interest in them.



Mr. Douglas became identified with the American Rail-

way Engineering Association in 1905. In 1908 he was appointed

a member of the Yards and Terminals Committee and served

continuously on that Cornmittee from that time until his death.

He was a faithful and conscientious member of this Committee

and took a deep interest in its work.

In 1922 he was elected a Director for the three years be-

ginning with the annual meeting of that year. He was also a

member of the Finance Committee of the Association. Mr.

Douglas was elected a member of the Nominating Committee

of the Association in 1918.

He was also a member of the Chicago Engineers' Club and

the Western Society of Engineers.

During the World War period, while the railroads were

under the management of the Director-General, he was also

Chief Engineer of the Chicago, Peoria & St. Louis Railroad, the

Peoria & Pekin Union Railway and the Peoria Railway Termi-

nal. For a time he was president of the Joliet Union Depot

Company.

While located at Fort Howard he met and was married

on November IS, 1899, to Miss Ella Merryxnan Todd, who was

the daughter of Thomas B. Todd, of Todd's Inheritance. Mrs.

Douglas is a descendant of the Todd family, which has lived

at Todd's Inheritance (now known as Sparrow's Point, Mary-

land) since the year 1662, and an interesting incident in the life

of Mr. Douglas was that he was married on the spot of the

original home of the Todd family which was built in 1662, and

the funeral services were held in the same room in which they

were married. Mrs. Douglas survives her husband.

The body was interred in Druid Ridge Cemetery, Baltimore,

Rev. Peregrin Roth, the clergyman who married him, officiating.

Mrs. Douglas' health in recent years was not the best.

The devotion shown Mrs. Douglas at all times by her husband

was characteristic of the man.

From the recital of Mr. Douglas' accomplishments it is



clear that he not only had a high degree of ability in his pro-

fession, but a broad opportunity to develop this ability.

His distinguishing characteristics were his bright and cheer-

ful disposition and his unfailing good humor, together with his

sociability. He was a friendly man, and always endeavored to

bring good cheer to his friends.

He was a man of the highest ideals, truly loved everything

that was fine and good, and he hated evil.

He was warmhearted and affectionate; a true Southern gen-

tleman, who, with all his business cares, took time to meet his

friends and associates with a gracious personality.

Loyalty to his friends was an outstanding trait.

To those who were near and dear to him, this Association

tenders its profound sympathy.

The keenness of their grief is tempered by the consoling

reflection that the memory they cherish is not alone sweet to

the senses of their affection, but in that wider circle where

his life's work was accomplished, the fragrance of his memory

will linger forever.

Mr. Douglas was reared in the Episcopal Church, and all

his life was a devoted and faithful attendant. He was a splen-

did type of the manly. Christian gentleman, and in his daily

life exemplified the teachings of a broad Christianity. He was

recognized by all who knew him and came in contact with him

as a man of unusually fine character and high ideals. The most

outstanding trait in his character was a high sense of duty, in

the performance of which he never wavered, no matter at what

cost to himself. It might well be said that his maxim of life

was "There is a true honor and a true glory; the honor of duty

done and the glory of the integrity of principle." He was self-

sacrificing, kind, and generous to all he deemed worthy. He

was keenly interested in young men who were making their

start in life, and in seeing that they made the most of their

opportunities. They in turn soon learned that they could come

to him for advice, counsel, and assistance. He was a devoted

son, husband and brother, and a true and loyal friend. His



kindly interest in the welfare of his subordinates and fellow-

officers won the loyalty and respect of them all. His whole

life may be summed up in the phrase that "he was one of

God's noblemen."

"Honor waits on high endeavor

Holding high award in trust;

Pledges to her seed forever

Resurrection from the dust."
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Died Sepember 8, 1924

A MEMOIR

Albert William Johnston was born at Boston, Mass., March 4,

1853. He graduated from Massachusetts Institute of Technology

in the Civil Engineering course, in the class of 1873. From 1873

to 1874, he was engaged in railway service in New England and

Pennsylvania. From 1875 to 1880, he was attached to the General

Superintendent's Office of the Pittsburgh, Cincinnati & St. Louis

Railway as Draftsman arid Assistant Engineer. From 1880 to 1882,

he was engaged as Manager and Engineer of the Sycamore Spring

Water Company in the then Arizona Territory. From January 1, 1882,

to April, 1882, Chief Engineer, Toledo, Delphos & Burlington Rail-

road. From April, 1882, to July, 1883, Superintendent of Construc-

tion of the Leavenworth, Topeka & Southwestern Railroad. From

April, 1884, to January, 1889, Division Engineer, and January,

1889, to October 1, 1893, Superintendent Eastern Division, New

York, Chicago & St. Louis Railroad, in charge of Maintenance of

Way, Structures and Property; from October, 1893 to 1896, he was

General Superintendent of the same road and from September,

1906 to 1918, General Manager and Assistant to President of the

same road.

On October 1, 1918, Mr. Johnston retired from active service

after serving the Nickel Plate road continuously for 34 years.

Mr. Johnston was elected a Charter Member of the American

Railway Engineering and Maintenance of Way Association in April,

1899. In 1902, he was elected a Director, serving for three years

in that capacity. In 1905, he was elected Second Vice-President

and 1906 First Vice-President and served as President from 1907

to 1908.

On assuming the office of President of the Association, Mr.

Johnston made the following characteristic remarks:

"The present king of England, when he was Prince of Wales,

had for his motto on his escutcheon, two simple words—'I Serve.'

Those words express my attitude in accepting the responsibilities



of the honorable place to which you have called me at this time.

Through the wise counsel, the good judgment and sound business

sense, and the progressive conservatism of those who have acted

in executive capacities and otherwise for you, your Association

has in a comparatively short time become an effective force in the

railway affairs of this country."

During Mr. Johnston's administration as President of the

Association, notable advance was made in original research work

undertaken by committees. It was largely due to his efforts that

railroads were interested in financing the series of experiments to

determine the effect of moving loads on railway bridges conducted

under the auspices of the Committee on Iron and Steel Structures.

This important investigation and conclusions reached, based on

extensive experiments, were made use of in determining the impact

formula in the present specifications for steel railway bridges.

Another important investigation carried out at that time was

the question of flat spots on car wheels, and to determine the proper

limits of such defects for wheels of different dimensions carrying

loads of varying amounts.

Still another study was the effect produced by salt brine drip-

pings on the life of rail and joint fixtures and on the durability

of bridges and other like structures.

Those members who served with Mr. Johnston on the Board

of Direction of the Association will remember always the calm

judgment and clear, intellectual analysis he brought to bear upon

the many important executive questions which arose frequently in

those early years of the development of the Association and to

what extent his opinion and counsel were awaited.

The associations of those years have left a deep and abiding

respect and admiration for him among his fellow-members which

will be treasured in their memories.

Mr. Johnston was for many years an influential factor in the

councils of the American Railway Association, and served as mem-

ber of the Executive Committee, member of the Committees on

Train Rules and Standard Dimensions of Box Cars.

Mr. Johnston was by nature kindly and genial, inspiring the

respect of all with whom he came in contact, and courteous in his



bearing always. While he stood upon an eminence professionally

reached by but a select few, he will be missed not alone by those

of equal or similar attainments, but more especially by those among

the lower ranks of the profession, to whom he was ever ready to

extend a willing hand, and give wise counsel and assistance in

reaching a higher plane of usefulness, and this was true as well

in his relation to those with whom he worked and walked in his

daily life, outside the sphere of the professional activities.

He was loyal to obligations and responsibilities assumed in the

work of the several scientific and professional organizations to

which he belonged, in all of which he became an effective force and

leader. His habit of mind, his industry, his sound judgment, and

his practical conclusions on all topics submitted to his analysis made

him an invaluable addition to the working force in any organization.

Prepared by L. C. Fritch, Chairman; Hunter McDonald, C. S. Churchill,

Howard G. Kelley, C. B. Hoyt, W. J. Bergen, Committee.
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